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Shing Mun River is a river relatively highly contaminated by heavy metals. The 
heavy metal contents are high at Fo Tan according to government's record. Siu Lek 
Yuen is another area might be contaminated by industrial discharge as well as illegal 
discharges into the rainstorm nullah. In order to study the heavy metals uptake of 
organisms in the river, Tilapia is chosen because of its abundance in the Shing Mun 
River and availability to residence in the region. Thirty-five (17 male, 18 female) and 
thirty-two (11 male, 21 female) tilapias were collected in 2001 from the two sites 
respectively; while twelve (7 male, 5 female) were collected from Fo Tan and sixteen 
control (all female) were bought from Wo Che Wet Market in 2002. 
Livers were removed for metal extraction and protein analysis as they were 
found to be of highest metal accumulation among other tissues from previous studies. 
The total metal concentrations of six heavy metals: Zn, Cu, Cd, Pb, Cr and Ni were 
detected by using Flame AAS. Zn and Cu were found to be of highest concentration 
among the six and thus were chosen for analysis. Fractions of cytosol, nucleus, 
microsome, mitochondria and plasma membrane from the livers were obtained by 
high speed and ultra-centrifugation. Their Zn and Cu contents were also determined 
by using Flame AAS and found highest in cytosolic fractions. 
i 
Separation of cytosolic fraction by gel-filtration chromatography revealed the 
presence of four major peaks under UV254nm. The first three peaks (the three with 
highest molecular size) were found to correlate with corresponding high copper 
content. This suggested that they contain copper-binding proteins. The second peak 
(fraction no: 34-41, 14kDa) was recognized as metallothionein (MT). Further 
purification of the peaks was carried out with SDS PAGE and 2D gel electrophoresis. 
HEPA T1 cell was employed for the in-vitro experiment of copper treatment in 
contrast to the in-vivo one using field samples. The 2D gel results of in-vitro 
experiment were more consistent and thus could be further analyzed with the 
ImageMaster™ 2D Platinum. Twenty-six spots were induced and seventeen were 
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1.1 Heavy metals contaminations in Shing Mun River 
The sources of heavy metals in the waters can be divided into natural and 
anthropogenic sources. The especially high amount of heavy metals in case of 
pollutions comes from the latter source mainly. Anthropogenic sources can be further 
divided into residential, agricultural and industrial sources. Residential sources are 
those released from household waste water. For example, copper ions leaching from 
copper water pipes and cadmium ions released from the corrosion of some galvanized 
plumbing and water main pipe materials [1]. Agricultural sources usually involve the 
agricultural applications of heavy metals in fertilizers or pesticides. For example, 
copper sulphate is used in insecticides, fungicides, herbicides, and algaecides. 
Industrial sources involve the miscellaneous uses of chemical and pharmaceutical 
applications of heavy metals. For example, metals are used as pollution control 
catalysts, in pigments, dyes, coinage, textiles, glass, cement, nylon, paper products, 
printing, photocopying, pyrotechnics and wood preservatives, also in fuel additives 
and as insulation for liquid fuels [2, 3]. Adding all these sources together, heavy metal 
ions could get into the aquatic environment. 
The water quality in Hong Kong is monitored by the EPD (Environmental 
Protection Department) of HKSAR government for marine water, beach water and 
river water. For river water, the EPD regularly monitors water quality at more than 
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eighty sampling stations in over thirty rivers and streams in the territory. The 
monitoring covers more than forty parameters including physico-chemical 
characteristics, organics, nutrients, toxic metals and coli-form bacteria [2]. 
Water Quality Index (WQI), based on the level of dissolved oxygen, five-day 
biochemical oxygen demand (BOD5) and ammonia-nitrogen, etc, is used to indicate 
the extent of organic contamination of the rivers. However, the WQI does not take 
heavy metal contaminations into account. And there is no standard set on river heavy 
metal contaminations in Hong Kong In order to access the level of heavy metals 
contamination in river water, data provided by EPD on heavy metals concentrations of 
marine sediment and river water were obtained. They were measured at monitoring 
sites along the main watercourses in Hong Kong routinely. The marine sediment and 
river water were sampled once a month from January 1998 to December of 2002. The 
fourteen heavy metals measured include aluminium, arsenic, cadmium, chromium, 
copper, lead, manganese, mercury, molybdenum, nickel, silver, thallium, vanadium 
and zinc. For the river water metals content detection, Inductively Coupled Plasma -
Mass Spectrometry (ICP-MS) was employed and measured in unit of mg/L according 
to the US Environmental Protection Agency (USEPA) standard method 6020A [5]; 
while for the sediment metals content, Inductively Coupled Plasma- Mass 
Spectrometry (ICP-MS) and Inductively Coupled Plasma - Atomic Emission 
2 
j 
Spectrometry (ICP-AES) were employed and measured in unit of mg/kg. For the 
metals in the sediment, they have to be extracted before detection took place. The in 
house method WC-ME-2 (3.5 hours digestion in conc. HCl/ conc. HNO3； 3:1 v/v) 
provided by the USEPA was employed [6]. 
The Shing Mun River is chosen as the target site because it is one of the severely 
polluted rivers in Hong Kong. (Fig 1.1, Table 1.1) Most of the heavy metals measured 
are of relatively higher concentration in Shing Mun River water compare with the 
other local rivers. The Fo Tan Nullah in Shing Mun River was found to be containing 
the highest amount of copper and zinc among all the river sites. 
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Fig. 1.1 Metal concentrations(ug/L) in local rivers measured by the EPD 
Table 1.1 Metal concentrations(ug/L) in local rivers measured by the EPD 
I Cd I Cr I Cu I Pb I Zn I 
Siu Lek Yuen Nullah 0.1 1.0 1.5 1.0 17.5 
Tai Po River 0.1 1.0 2.0 1.0 20.0 
Tai Po Kau River — 0.1 1.0 1.0 2.0 10.0 
Shan Uu Stream 0.1 1.0 2.5 1.0 15.0 
Tuns Tsz Stream 0.1 1.0 1.0 3.0 20.0 “ 
Lam Tsuen River 0.1 1.0 1.8 1..3 17.2 
Ho Chuns River 0.1 1.0 1.0 1.5 20.0 
Sha Kok Mei Stream 0.1 1.0 1.5 1.0 20.0 “ 
Tai ChunsHau Stream 0.1 1.0 2.5 1.0 18.0 
Sam Dip Tarn Stream 0.1 1.0 2.8 2.3 25.0 
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The Shing Mun River has a catchment area of 37 km- with five major tributaries: 
Tin Sum, Tai Wai, Kwun Yam Shan, Siu Lek Yuen and Fo Tan Nullahs. The Water 
Quality Index (WQI) of Shing Mun River was graded "good" or "excellent" in year 
2002 [2]. However the WQI does not reflect the heavy metal contaminations as 
discussed before. Generally, the metal concentrations are higher at the down stream 
than the upper stream as seen from the data provided by the EPD. Among the 
tributaries of Shing Mun River, Tai Wai Nullah has the highest metal content; while 
the Fo Tan Nullah comes the second. Although heavy metals were found along the 
Shing Mun River, numerous aqueous organisms were found in the river, and among 
them, Tilapias were of high abundance. This raised our interest in this kind offish for 
their relatively high resistant to the heavy metals. Tilapias are common fish species 
found in Hong Kong, and also exist worldwide. They are edible so it is also 
interesting to find out whether the consumption of such fish from Shing Mun River 
would be harmful. Besides, tilapia can survive in both marine and freshwater. 
To improve the water quality in Shing Mun River, bioremediation and dredging 
of contaminated river sediments are currently being carried out under the project 
Environmental Improvement of Shing Mun River. Stage 1 and Stage 2 works have 
been completed in May 2003 and the project is scheduled for completion in 2006 [5]. 
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1.2 Importance of copper regulation and role of liver in copper metabolism 
1.2.1 Role of copper 
Copper is one of the essential heavy metals, which means it is physiologically 
essential but maybe harmful and considered as pollutants if in high concentration [7]. 
Copper tends to exist in the cupric state (Cu(II)) in biological systems including water 
although it may also be found as cuprous state (Cu(I)) [8]. 
Copper plays an important role as a co-factor in several metalloproteins, 
including cytochrome oxidase and superoxide dismutase in the hepatic cytosol. The 
oxidase activities of ceruloplasmin and SOD have been shown to specifically require 
copper. The important role of copper in oxidation/reduction enzyme activities is due 
to its ability to function as an electron transfer intermediate. This is the reason for that 
copper is also present in enzymes involved in cellular respiration, free radical defense, 
neurotransmitter function, connective tissue biosynthesis and cellular iron metabolism. 
In addition, copper ion may interact with oxygen species (e.g. superoxide anions and 
hydrogen peroxide) and catalyze the production of reactive toxic hydroxyl radicals 
[9]. 
In other cases, copper appears to be involved as an allosteric component of 
enzymes, conferring an appropriate structure for their catalytic activity. Copper is also 
essential for the utilization of iron in the formation of haemoglobin and in the 
maturation of neutrophils [9, 10]. 
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1.2.2 Toxicity due to unbalanced copper regulation 
Accumulation of copper may lead to exceptionally high body burdens in certain 
animals, such as bivalves; and terrestrial plants, such as those growing on 
contaminated soils. However, many organisms are capable of regulating their body 
copper concentration. Cellular damage and cell death may result from excess copper 
accumulation when copper-metallothionein binding and copper clearance from the 
cell is blocked [11]. 
Metallothionein is a cysteine rich, low molecular weight (6, 500 Da) 
metal-binding protein which is important in heavy metal detoxification, metal ion 
storage, and in the regulation of normal cellular Cu(II) (and Zn(II)) metabolism [12]. 
It is also thought to be a free radical scavenger, playing a protective role in oxidative 
stress. Metallothionein is found in both intra- and extracellular compartments. It is 
known to bind zinc, cadmium, copper, mercury and silver (in increasing order of 
affinity) and its gene transcription is greatly enhanced upon exposure of cells to these 
metals [13]. High metallothionein concentrations are also induced in the liver by 
physical and chemical stress, infection and glucocorticoids [13]. 
Sometimes the copper regulation could be disturbed due to inborn diseases [14]. 
Menkes disease (Kinky hair syndrome) is one of these inherited diseases. It is an 
X-linked inherited copper deficiency which manifests in the first six months of life 
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with poor growth, severe learning difficulties and hair abnormality [11]. The gene 
responsible for this disease (ATP7A) has been cloned and characterized in 1993 [15]. 
It was found to be one of the copper transporting P-type ATPase located at trans-Golgi 
apparatus. It composes of 1500 amino acid with a high degree of homology to the 
Wilson disease protein (ATP7B) [16]. When intracellular copper concentration is low, 
this ATPase will be transported to cell membrane in order to uptake copper ions. 
Therefore, defective of this gene will lead to copper deficiency. Copper deficiency 
may be seen also as "Swayback" in lambs and calves born to sheep and cows grazing 
on copper deficient pastures [11]. 
Another example is Wilson's disease [14]. Wilson's disease is an inborn error of 
metabolism inherited as an autosomal recessive trait whereby there is reduced biliary 
copper excretion associated with decreased or absent circulating ceruloplasmin [14]. 
The disease is characterized by excessive accumulation of copper in the liver, brain, 
kidneys and cornea. Basal ganglia degeneration and cirrhosis are the principle 
complications [11]. The gene responsible for this disease, ATP7B, was cloned in 1993 
and found to be one of the copper transporting P-type ATPase. This gene is expressed 
in liver and kidney and the ATPase was located at trans-Golgi apparatus and 
mitochondria as well [17]. When the copper level in the cells of liver and kidney is 
high, the ATPase will be transported to the cell membrane in order to pump the copper 
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ions away. Therefore, defective of this gene will lead to copper deposition in liver, 
brain, kidneys and cornea. 
1.2.3 Function of liver in copper detoxification 
Since free metal ions are extremely toxic, their concentrations should be 
controlled precisely. They are toxic because heavy metal ions can bind to different 
other transporters or unrelated enzymes directly to inhibit their activities [18]. 
Alternatively, they can generate free radicals, such as hydroxyl radicals. The free 
radicals generated can damage DNA and lead to gene mutation. In addition, free 
radicals may also oxidize proteins and destruct organelles [19]. 
In mammals, liver plays a prominent role in the copper metabolism. It takes up 
much metal passed through the portal vein and excretes copper through the bile. The 
liver also synthesizes and secretes the plasma cupro-protein ceruloplasmin. In the 
plasma between 65 and 90% of copper is present as ceruloplasmin [20]. The copper 
bound to ceruloplasmin can be released back to plasma when the copper content in 
plasma is low. Thus, liver serves as the regulatory organ of copper content in plasma. 
For the excess copper, liver would excrete them through the bile. Ceruloplasmin 
renders free copper innocuous with subsequent excretion via a lysosome-to-bile 
pathway. This process is essential to normal copper homeostasis and provides a 
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protective mechanism in acute copper poisoning. Renal copper elimination is 
normally low but will increase in acute copper poisoning [20]. 
For the detoxification, copper would be transported into the liver from the 
plasma. Since copper ions are charged, they cannot directly diffuse across the cell 
membrane. Therefore, they are transported by specific transporters. Copper uptake to 
the hepatocyte of human is mediated by hCTRl and hCTR2 copper transporters [20, 
21]. In the blood, the copper ions are in +2 oxidation state. However, hCTRland 
hCTR2 copper transporters only regulate copper (I) ion [21]. Therefore, copper (II) 
ion is reduced by a membrane reductase prior to uptake by hepatocytes. After 
transporting into the hepatocytes, the copper ions bind to different chaperones to 
deliver copper to specific target [19]. For example, Ccsl chaperone transfers copper 
ions to superoxide dismutase. Moreover, organelles also have their own copper 
transporters, such as Wilson/Menkes copper transporter was found to locate on 
post-Golgi compartment [22, 23]. Hahl is the chaperone transporting copper ions to 
ATP7B on post-Golgi compartment [24]. With the help of these transporters and 
chaperones, copper is subject to different utilization or pathway of elimination. 
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1.3 Aims and rationale of this research 
In this project, we would like to study copper-binding proteins from liver of 
Tilapia samples obtained from heavy metal-contaminated local water - Shing Mun 
River. Control and copper-injected samples are prepared for making comparisons with 
the samples caught from Shing Mun River. The heavy metal concentrations in their 
、 livers were determined. Subcellular distribution of copper and zinc were determined 
for the livers of Tilapia samples collected from Shing Mun River. It was found that 
most of the copper ions were located at the cytosol. Therefore, copper-binding 
proteins were isolated from the cytosol. Moreover, further characterizations of 
proteins from the cytosolic fractions were carried out with SDS PAGE and 2D gel 
electrophoresis. To study the proteins induction by copper in more details in Tilapia 
liver cells, HEPATl cell line is used to carry out in vitro test of copper exposure. The 
2D gel pattern of copper-treated and control HEPATl cells are compared. 
11 
Chapter 2 
Heavy Metal Concentrations of Tilapia Samples 
Collected from Shing Mun River 
2.1 Introduction 
2.1.1 The study sites 
There are seven marine sediment monitoring sites at open water area of Tolo 
Harbour and ten river water quality monitoring sites along the Shing Mun River as 
shown in Fig 2.1 [5]. Among the seven marine sediment montoring sites, only one of 
the sites is suited right at the estuary of the Tolo Harbour Channel and could serve as 
the reference of information on the sediment heavy metal content at Shing Mun River. 
And for the river water quality monitoring sites, ten monitoring sites are located at the 
Shing Mun River. 
Fo Tan Nullahs and Siu Lek Yuen Nullahs are chosen as our sampling sites for 
two main reasons. Firstly, they are at middle course of Shing Mun River (the Tai Wai 
Nullah should also be included, however that site has already been studied before [25] 
and the heavy metals contents were found to be higher than the upper course, this 
means the samples we obtained there were exposed to a higher concentrations of 
heavy metals than in the upper stream. Secondly, both are with high proximity and at 
mixed areas of industrial and residential usage (Fig. 2.2), variation would be expected 
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to be small among samples obtained at these two sites. 
The heavy metal concentrations in the two sites from June to August of 2001 to 
2003, according to the data provided by the EPD [5, 26, 27], are shown in Table 2.1. It 
can be seen from the figure that the metals content in the river water of Fo Tan Nullah 
was generally higher than that of Siu Lek Yuen Nullah. The data of Jun to August of 
2001 and 2002 was chosen as these were the two periods when the Tilapia samples 
were caught. 
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� � • - � V 
Fig. 2.1 River water quality monitoring sites among watercourse of Tolo Harbour [5]. 
^ ^ ^ ^ ^ ^ F ^ n over the Nullahs 
• • where samples 
^ Fire ^ ^ ^ • 
乂 • ^ Siu Lek Yuen ^ 
Fig. 2.2 Map showing the locations of Fo Tan Nullah and Siu Lek Yuen Nullah in 
Shing Mun River 
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Table 2.1 Heavy metals concentrations (ug/L) among the monitoring sites along 
Shing Mun River during the summer (June to August) of 2001 to 2003 
[5, 26, 27]. 
\Cd Cr Cu Ni Pb Zn~ 
2001 Fo Tan Nullah — <0.1 1.5 5 2.3 1.7 17 
Siu Lek Yuen NullalT" <0.1 2.2 — 3 1.2 <0.1 10 
TaiWaiNullah — 0.2 一 <1 1 9 — 3 6 1 40 
Tin Sum Nullah <0.1 1 3 3 1 10 
Main Channel <0.1 4 7 4 <1 20 
Kwun Yam Shan Stream <0.1 <1 <1 1 <1 10 
2002 Fo Tan Nullah ~<0.1 3.7 _ 6 1.2 1.5 25 
Siu Lek Yuen Nullah <0.1 1.2 — 3 <1 <1 18 
Tai Wai Nullah 0.7 1 21 28 1 50 
Tin Sum Nullah <0.1 <1 4 6 <1 10 
Main Channel — 0.1 5 � 9 3 <1 20 
Kwun Yam Shan Stream <0.1 < 1 2 <1 1 10 
2003 Fo Tan Nullah 0.1 1.7 5 0.2 2.5 18 
Siu Lek Yuen Nullah <0.1 1.3 4 0.4 < 1 — 6 
Tai Wai Nullah 1.2 1.6 48 47 31 90 
Tin Sum Nullah 0.1 < 1 2 2 <1 <10 
Main Channel 0.1 3 9 0.7 <1 10 
Kwun Yam Shan Stream I 0 I <1 I 2 I <1 I 2 I 1 0 ~ 
*those readings <0.1 ug/L are counted as 0 in calculation of average readings 
TR23A 3/6/2002 data rejected as unusually high readings were recorded 
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(a) (b) 
Fig 2.3 (a) A photo of Fo Tan Nullah at Shing Mun River, an industrial area. Most of 
the buildings nearby are factories; (b) A photo of Siu Lek Yuen Nullah at 
Shing Mun River. 
2.1.2 Tilapia samples collected from the sites 
Tilapia (Fig. 2.4) is chosen as the study target because of their non-migratory 
habit and frequent occurrence in Hong Kong, its popularity in the local food market 
and trophic relationship to humans. The tilapias of the genus Oreochromis are 
mouthbrooders. A female lays her eggs in a simple nest, the male fertilizes the eggs 
and then the female picks the eggs up and incubates them in her mouth. Even after the 
eggs hatch, the fry will remain in the mouth. Once the fry are free swimming they will 
still return to her mouth for protection. The other tilapias in the Tilapia and 
Sarotherodon, are more likely to be nest builders and care for the eggs in the nest [28]. 
In some cases adults become sexually mature in less than six months, when they are 
still a fraction of their adult size. This is an additional advantage for selective breeding, 
allowing many generations to be produced in the time it takes other fish to reach 
maturity. This explained why they are available in local water streams of higher 
abundance than other fish types. 
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Juvenile tilapias are ominovorous while adult fish are mainly detrivorous and 
bottom feeding, but also consume particulates and phytoplanktons (5). Thus tilapia 
can help reflect the relationships between polluted water, sediment and aquatic biota. 
Tilapias origin in East Africa and were introduced into Hong Kong reservoirs. They 
are adapted to polluted areas because they can reproduce easily, feed on wide variety 
of foods, tolerate poor water quality with low dissolved oxygen levels and resist 
disease [29]. 
ma^m 
Fig. 2.4 A photo of Tilapia mossambica 
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2.1.3 Tilapia as a study model 
Tilapias are more resistant to copper and zinc when compared to common carp. 
The lethal concentrations of 50% survival (LC50) of copper and zinc of tilapia are 
much higher than those of common carp as shown in the results of the experiment 
done by Lam et al., 1998 (Table. 2.2). According to another study [30], Straus made 
comparison using his data to other studies [30, 31, 32, 33, 34], and summarized that 
tilapias are more tolerant to copper than channel catfish, cutthroat, rainbow trout and 
fathead minnow. 
This implied that tilapias may have better detoxification mechanism of heavy metals 
than other species, and thus it would be possible to discover strong copper binding 
proteins in tilapias. 
Table 2.2 LC50 of copper and zinc in Common Carp and Tilapia [25]. 
copper LC50-24hi"200ppb LC5Q-24hr: 2.82ppm 
LC50-96hi"5Qppb LC50-96hr: 1.52ppm 
zinc LC5Q-24hr:23ppm LC50-24hr: 24.3ppm 
LC5Q-96hi"17ppm LC50-96hr: 16.5ppm 
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2.1.4 Bioavailability of heavy metals in water 
Heavy metals in the aquatic environment usually appear in particulate form and 
soluble form [30]. Metal ions adhered to suspended mineral or organic matters, as 
well as those present in food organisms are in particulate forms; those which form 
complexes with inorganic anions or organic ligands, as well as the simple aquatic 
metal ions are in soluble forms. 
Soluble metal ions are the major bioavailable form in aquatic environment. 
Dissolved metals are taken up by the exposed body surfaces of the aquatic organisms 
such as the gills; particulates metals are ingested in association with food, solubilized 
in the stomach with help of lowered pH and absorbed in the intestine under alkaline 
conditions [30]. 
The intestinal uptake of copper and zinc can be enhanced by a number of 
naturally occurring organic metal-binding substances and synthetic metal chelators 
[31]. Once absorbed across the epithelial barriers of the gills or the digestive system, 
metals are distributed to internal organs. They will then be redistributed to sites for 
excretion in the liver or kidneys via the circulatory system [31]. 
There are specific epithelial uptake mechanisms for metal ions. They are not 
energy-based or active uptake against concentration gradients. Pathways like diffusion 
or carrier-mediated pathways are considered to be the most likely mechanisms [32]. 
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2.1.5 Metal content in liver 
Previous study (1) has been done on the metal distribution among the organs of 
Tilapias caught from two sites at Shing Mun River: Tai Wai Nullah and Fo Tan Nullah. 
Three organs are chosen for the analysis: muscle, liver and gill. Concentrations of six 
heavy metals, chromium, cadmium, copper, nickel, lead and zinc, in muscle, liver and 
gill were shown in table 2.3. The highest metal concentrations were found in liver 
among the organs. All the metals were found to be highest in the liver. Copper was 
found to be the highest among the metals in the liver of tilapia collected from both 
sites. This is the reason for choosing liver as the organ for further purification of 
copper-binding proteins. 
Liver plays a vital role in detoxification. There are different mechanisms within 
the liver cells to deal with different heavy metals. Each of them would involve some 
metal-binding proteins. The most well-know example is metallothionein. It is found to 
bind to cadmium, copper and zinc. By determining the metal distribution among 
different subcellular fractions, the fraction which would be used for further 
purification of the copper-binding proteins could be chosen. 
2.1.6 Aim of this chapter 
As explained in the above paragraph, the metal concentration in liver was chosen 
as the organ for the purification of the copper-binding proteins. The concentration of 
six heavy metals: chromium, cadmium, copper, nickel, lead and zinc were detected in 
both muscle and liver. The subcellular fractions of liver were obtained by 
homogenization and centrifugation. They were then subject to heavy metal 
































































































































































































































































































































































































































































































































































































































































2.2 Materials and Methods 
2.2.1 Collection of control and field samples 
Tilapias were caught from Shing Mun River during the summer of 2001 and 
2002 using gill net. They were caught at the Fo Tan Nullah and Siu Lek Yuen Nullah 
at mid-tide (between high and low tide). Seventeen male and eighteen female Tilapias 
were collected from Fo Tan site; while eleven male and twenty-one female Tilapias 
were collected from Siu Lek Yuen site during the summer of 2001. Samples were 
collected from Fo Tan again during the summer of 2002, seven male and five female 
Tilapias were caught. Sixteen Tilapias were bought from the Wo Che wet market as 
control fish, all of them were female. After transporting to the lab, their sex, weight 
and length were recorded. Then, they were killed by a blow to their head and 
dissected immediately. Their livers were removed and weighed individually. The 
livers were cut into cubes of about 2mm^ and frozen by liquid nitrogen. Finally, the 
liver samples were stored in —80。C individually for future investigation. 
The glassware, plastic bottles and containers used in acid digestion and metal 
determination were soaked into 0.5% nitric acid overnight [35]. Then, they were 
washed twice by nano-pure water and dried at oven before use. 
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2.2.2 Heavy metal concentrations determination 
One gram of each liver was used for metals content determination. And in order 
to compare the metal content with the liver tissue, one gram of muscle was also 
collected from each fish and used for metal content determination. They were digested 
by nitric acid-hydrogen peroxide mixed acid digestion [35]. First of all, Ig of each 
liver and muscle was weighed and delivered to digestion tube; 10ml of 69% nitric 
acid (BDH Aristar Grade) was added to the tube. The content was left at room 
temperature overnight for predigestion. Then, the content was heated to 120°C on the 
heating block of the digester for 5 hours. A funnel was used to cover each tube to 
minimize evaporation of the acid. Then, the contents were cooled down. After cooling 
down, 2ml of 30% hydrogen peroxide solution (BDH Aristar Grade) was added to 
each tube to oxidize the fatty acid and other contents to facilitate digestion. The 
content was heated to 170°C for 10 hours until the solution was clear. Little of 69% 
nitric acid could be added if necessary. Finally, the acid mixture was filtered through 
Whatman 42 ashless filter paper. The final volume was adjusted to 50ml using 
nano-pure water. A standard reference material (NIST 1577b bovine liver) was used in 
each block of tubes going through acid digestion for the verification of the digestion 
process. One gram of standard reference material was digested by mixed-acid 
digestion same as the procedures described above; and the extraction efficiency of 
copper was found to be over 90% when compared to the certificate if analysis [36]. 
After acid digestion, concentrations of five heavy metals, cadmium, copper, 
nickel, lead and zinc, of each sample were determined. The metal concentrations were 
determined by Hitachi Z8100 flame atomic absorption spectrophotometer (FAAS). 
The metal standards (Sigma) were used for setting the calibration curves. 
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2.2.3 Homogenization of liver cells 
Three liver samples of each sex of Tilapia collected from each sites were 
processed separately. For the pooled sample, 10 g was homogenized in 50ml 
homogenizing buffer containing 10 mM Tris-Cl pH7.4 (Merck), 10 mM sodium 
chloride (USB, ACS Reagent Grade), 3 mM magnesium chloride (Riedel-deHaen), 1 
mM DTT (Boehringer Mannheim), 0.5 mM PMSF (Boehringer Mannheim) and 0.5 
M sucrose (USB, ultrapure). The PMSF was from the stock solution consisted of 100 
mM PMSF in isopropanol. The tissue was homogenized 4 to 5 times using Teflon 
homogenizer in the homogenizing buffer [37]. Then, the homogenate was filtered 
through 4 layers of cheese cloth. The volume of the homogenate collected was 
measured by measuring cylinder. 
2.2.4 Subcellular fractionation 
The flow chat of this part was shown in Fig 2.5. This is prepared according to the 
protocol of Spector [37]. All of the procedures were carried out on ice if there is no 
other indication. The homogenate was centrifuged at 1,500 x g for 10 minutes to 
separate nucleus and plasma membrane. Then, the supernatant was centrifuged at 
9,000 X g for 30 minutes by high speed centrifuge to separate mitochondrial fraction. 
The supernatant of this fraction was future centrifuged af 105,000 x g for 60 minutes 
by Beckman ultracentrifuge. The pellet of this fraction was microsomal fraction while 
the supernatant was cytosolic fraction. All of the pellets were resuspended in 7ml of 
homogenizing buffer. 
The resuspended fraction containing nucleus and plasma membrane was further 
separated by gradient centrifugation. Seven ml of homogenizing buffer containing 2M 
sucrose was prepared. Then, 7 ml of the resuspended fraction containing nucleus and 
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plasma membrane was laid on the top of the 2 M sucrose" homogenizing buffer and 
centrifuged at 70,000 x g for 30 minutes by ultracentrifuge. The pellet was the nuclear 
fraction and it was resuspended by 7ml of homogenizing buffer. The supernatant was 
the plasma membrane fraction. The volume of each fraction was recorded. 
2.2.5 Determination of copper and zinc content in each subcellular fraction 
One ml of each fraction was digested by nitric acid-hydrogen peroxide mixed 
acid digestion and the copper and zinc concentrations were measured by Hitachi 
Z8100 FAAS as stated in section 2.2.1. From the results obtained, the percentage of 
copper and zinc located at each fraction were calculated. For both male and female 
samples, these procedures were repeated 3 times so that each sex of Tilapia had 3 sets 
of data. 
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10 g pooled liver +50 ml homogenizing buffer (20mM Tris-Cl pH7.4, lOmM 
NaCl, 3mM MgCb, ImM DTT, 0.5mM PMSF, 0.25M sucrose) 
J 
Homogenize on ice by Teflon homogenizer, filter the homogenate by 4 layers of 
cheese cloth 
1 r 
Centrifuge at 4°C, 1,500 x g for 10 min 
/ F ^ 
Supernatant 
Pellet (nuclei + membrane) 
1 J 
I Centrifuge at 4°C, 
Dissolved in 7 ml of 9,000 x g for 30 min 
homogenizing buffer ^ 
pellet, dissolved in 7ml 
* homogenizing buffer 
Carefully added on cushion of 4。C (mitochondrial fraction) 
pre-chilled homogenizing buffer 
with 2M sucrose ，^ 
Supernatant (post-mitochondrial 
i fraction) 
Centrifuge at 4°C, 
70,000 X g for 30 min | 
^""" Centrifuge at 4°C, 
\ 105,000 X g for 60 min 
Pellet, dissolved in y 
7 ml ‘ 
homogenizing Pellet, dissolved in 7 ml 
buffer homogenizing buffer 
(nuclear fraction) (microsomal fraction) � r 
Supernatant . | 
(plasma membrane) Supernatant 
(cytosolic fraction) 
Fig 2.5 Flow chart of subcellular fractionation by centrifugation. (Modified from 
Spector, et al., "Cells - A Laboratory Manual", Vol.1, Cold Spring Harbor 
Laboratory Press, chapter 34, 43.) 
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2.3 Results 
2.3.1 Physical Data 
It was observed that the appearance of the males were generally in darker colour 
than the females. The male fish from the two sites were of similar weights and sizes, 
while the general body weight of female tilapias from Siu Lek Yuen was higher than 
that of Fo Tan females (Fig. 2.6). On the other hand, the general liver weight of 
Tilapia samples from Siu Lek Yuen was found to be heavier than the Fo Tan ones. The 
general body weight, head-to-tail length and liver weight of male were higher than 
that of the female fish. 
The average body weight, head-to-tail length and liver weight of samples are 
shown in Fig. 2.6. As shown in the figure, it could be observed that the males and 
females from the two sites, as well as the control, showed no big difference in body 
weight and length. The p-values of one-way ANOVA analysis both of the body weight 
and length are smaller than 0.05. However, the p-value of the liver weight comparison 
was found to be 0.014，which represents the sample groups differ significantly in liver 
weight. 
2.3.2 Metal concentrations in liver and muscle 
The metal concentrations in the liver and muscle of Tilapia caught from Shing 
Mun River are shown in Table 2.5. In order to find out whether there is significant 
difference between the two sites and the two sexes, t-test was carried out on the data 
of 2001 as fish from Siu Lek Yuen were only collected in that year. The results were 
shown in Table 2.4. The data was defined as with significant difference with p-value 
less than 0.05. As indicated in Table 2.4, the metals found to be of significant 
difference between sites were marked with and those found to be of significant 
difference between sexes were marked with 
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In general, the metal contents in liver showed greater difference between sites 
and sexes than those in muscle do. For cadmium, copper, lead and nickel in liver, they 
were found to be of significant difference between sexes; while copper and nickel 
were found to be of significant difference between sites. For all five metals detected in 
muscle, only nickel showed significant difference between sites. The mean copper 
concentration in liver of Tilapia from Fo Tan site was higher than that from Siu Lek 
Yuen site by around 2.9 fold; while nickel is at difference of around 0.8 fold. And the 
mean nickel concentration in muscle from Fo Tan is higher than that ar Siu Lek Yuen 
by around 1.9 fold. 
Table 2.5 shows the metal content in Fo Tan, Siu Lek Yuen and control samples. 
By carrying out the t-tes, it was found that the Fo Tan fish liver copper content differ 
from the control one with significantly (p-value <0.00); while the Siu Lek Yuen one 
do not (p-value: 0.16). and Fo Tan fish liver content also differ from the Siu Lek Yuen 
one with significant difference (p-value<0.00). It is interesting to find that the mean 
copper and zinc contents in the muscle and liver in control samples are both higher 
than those in Siu Lek Yuen samples. This may imply that actually the fish from Siu 
Lek Yuen are not exposed to habitat severely contaminated by copper and zinc. 
However, the zinc content in muscle and liver are higher in the control than in the Fo 
Tan fish. This maybe the evidence that the relatively high metal contents are due to 
the daily diet of the fish, but yet needed to be further investigated. 
Fig.2.7 a and b show the liver and muscle metal concentrations in the Fo Tan, Siu 
Lek Yuen and Control samples respectively. Copper was found to be the highest in the 
liver, while zinc was the highest in the muscle. But one point to be noted is that 
although zinc was the highest in the muscle, the concentration is still lower that that 
found in the liver. 
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Fig. 2.6 Average (a) body weight(g), (b) length(cm) and (c) liver weight(g) of the tilapia 
samples. All three sample groups were analysed with one-way anova. Only the 
liver weight obtained p-value smaller than 0.05, which means difference among 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Metal concentrations in liver 
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(b) 
Fig 2.7 The histogram showing the metal concentrations(ug/g) in the sample 
fish (a) liver and (b) muscle from two different sites: Fo Tan, Siu Lek 
Yuen and Control. (The sample without bars means that the metal 
concentrations were too low to be detected.) 
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2.3.3 Copper and zinc subcellular distribution in liver cell 
The copper and zinc distributions of subcellular fractions are shown in Table 2.6. 
As shown in Table 2.6a, the descending order of copper distribution among the 
subcellular fractions of liver cells from Fo Tan sample was cytosolic fraction (33.0%) 
> mitochondrial fraction (28.9%) > microsomal fraction (21.9%) > membrane fraction 
(9.0%) > nuclear fraction (7.1%); and that of Siu Lek Yuen sample was cytosolic 
fraction (34.8%) > microsomal fraction (26.7%) > mitochondrial fraction (23.7%) > 
membrane fraction (8.8%) > nuclear fraction (6.0%). 
On the other hand, as shown in Table 2.6 b the descending order of zinc 
distribution among the subcellular fractions of liver cells from Fo Tan sample was 
cytosolic fraction (68.2%) > mitochondrial fraction (14.9%) > membrane fraction 
(10.6%) > microsomal fraction (4.2%) > nuclear fraction (2.0%); and that of Siu Lek 
Yuen sample was cytosolic fraction (53.8%) > microsomal fraction (16.6%) > 
mitochondrial fraction (11.4%) > nuclear fraction (9.4%) > membrane fraction (8.8%). 
Most of zinc and copper was found to be associated with the cytosolic fraction, thus 
this fraction was used for further purification of copper-binding proteins. 
The subcellular distribution of copper between samples from two different sites 
was similar. The highest copper content was found in cytosol while the lowest was 
found in nucleus. However, the distribution of the Fo Tan samples collected in 
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previous studies (Shen et al, 1996) was in opposite ascending order (Table 2.6). The 
percentage of total copper content in Fo Tan samples increased from 16% to 33%, 
while that in mitochondrion did not change much. 
For the distribution of zinc, the highest zinc content was found at cytosol for 
both sites. The results of previous studies on Fo Tan site also show similar results that 
around 60% of the total zinc was detected in the cytosolic fraction. However, it was 
fond that the microsomal zinc content dropped from 27% to 4.2% at Fo Tan site. 
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Table 2.6 Subcellular distribution of (a) copper content and (b) zinc content in 
hepatocytes of tilapia caught from Fo Tan and Siu Lek Yuen. 
(* indicated the data collected in previous studies by Shen et al, 1996 in 
which the mitochondrial, plasma membrane and nuclear fractions were 
not separated.) 
FoTan Siu Lek Yuen FoTan* 
C^sol 33.0% - 34.8% 16.0% 
Microsome 21.9% 23.7% 26.0% 
Mitochondrion 28.9% 26.7% 
Plasma Membrane 9.0% 8.8% 58.0% 
Nuclear | 丨 6.0% 
(a) 
FoTan Siu Lek Yuen Fo Tan* 
^osol — 68.2% 53.8% 62.0% 
Microsome 4.2% 16.6% 27.0% 
mochondrion 14.9% 114% — 
Plasma Membrane 10.6^ 8.8% 12.0% 




2.4.1 Difference in metal concentration between sites 
According to the results of t-test, copper and nickel showed significant difference 
between the two sites (Table 2.4). The difference between sites could be explained by 
the difference of heavy metals amount in the water between the two sites. For copper, 
it was found that the amount was 5 ug/L at Fo Tan while only 3ug/L at Siu Lek Yuen 
(Table 2.1); for nickel, it was 2.3ug/L at Fo Tan while 1.2 at Siu Lek Yuen. It is 
obvious that the copper and nickel amount doubled at Fo Tan Nullah than at Siu Lek 
Yuen Nullah, and thus more of these metals would be accumulated in the fish living at 
Fo Tan Nullah. 
However, none of the metal content was found to be of significant difference in 
muscle, except nickel in Fo Tan is found to be higher than Siu Lek Yuen. This may be 
explained by the fact that liver was the main organ for heavy metal detoxification. 
Also, the heavy metals should be absorbed through oral path mainly rather than the 
surface absorption of the fish there. 
2.4.2 Copper contamination in water and fish organ (muscle and liver) from 
the Shing Mun River 
The assessment of copper contamination in river water can be made by 
comparing the copper content of the river to the standards set up by the USEPA. There 
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are two standards concerning about the copper content in freshwater: Freshwater 
Criterion Maximum Concentration (CMC) and Freshwater Criterion Continuous 
Concentration (CCC) [38]. CMC is an estimate of the highest concentration of a 
pollutant in freshwater, to which an aquatic community can be exposed briefly (acute 
limit) without resulting in an unacceptable effect; while CCC is an estimate of the 
highest concentration of a pollutant in freshwater, to which an aquatic community can 
be exposed indefinitely (chronic limit) without resulting in an unacceptable effect. 
The values of CMC and CCC for copper are 13 ug/L and 9 ug/L respectively [38]. 
From the data provided by the EPD, the copper content at Fo Tan site ranges from 5 to 
6 ug/L; while that at Siu Lek Yuen ranges from 2 to 3 ug/L. They are lower than the 
CCC and thus are still at acceptable level which would possibly not lead to any acute 
or chronic effect on most aquatic organisms. 
For its popularity in the local food market, we are also interested in whether 
copper content in the muscle of the tilapias caught from Shing Mun River would 
exceed the safety level and lead to any adverse effect after consumption. According to 
the Ambient Water Quality Criteria for Copper published by the US Environmental 
Protection Agency, the daily copper allowance for teenagers and adults is 2.0 - 3.0 
mg/day (Table 2.7) [39]. This can be used as a reference to check whether it is safe for 
people to consume the tilapias caught from Shing Mun River. The mean copper 
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concentrations of muscle of tilapias caught from Shing Mun River range from 0.550 
to 3.819 ug/g (Table 2.5). When compare to the copper content of other seafood 
(Table 2.10) [39], the tilapias from Shing Mun River contain acceptable level of 
copper. The daily allowance of copper would be exceeded only i f people take more 
than about 1kg of muscle a day. However, other contaminations in tilapia collected in 
the study have not been investigated. Previous study did show low trace organic levels 
in tilapia from the Shing Mun River, but other pathogens were not investigated [25]. 
Other than looking at the metal contents in the water directly for the assessment 
of safety, the bioconcentration factors (BCF) is another way to do the assessment. 
Bioconcentration factor refers to the ratio of heavy metal concentration in biota to that 
in sediment or seawater. This could show the relative intake amount of heavy metals 
from the water or sediment into the fish organs. According to the British, the safety 
level for zinc and copper are 50 and 20ppm respectively. However, as our experiment 
did not include the examination of heavy metal concentration in water and sediment, 
it is hard to make a comparison for our sample fish. 
Table 2.7 Recommended daily allowance of copper by USEPA[39]. 
Age (years) 0 .0 -0 .5 0 . 5 - 1 . 0 I 1 - 3 4 - 6 7 - 10 TT^ 
RDA (mg/day) 0.5-0,7 0.7-LO 1.0-1,5 1.5-2.0 2.0-2.5 2.0 — 3.0 
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Table 2.8 Copper content (ug/g) in different seafood found by USEPA [39] 
concentration (ug/g) 
Clams, raw 
Clams, fresh frozen 0.48 
Oysters 137.05 
Sardines, canned y^ 
Kipper snacks, canned 
Anchoviesm, canned 
Pan fish, dried 0.58 
Lobster, frozen 
Shrimp, frozen I 
2.4.2 Comparison of metal content in muscle and liver at Fo Tan site with 
previous studies 
When we compare the metal content in muscle and liver in our experiment 
(Table 2.5) with the data obtained in previous studies by Shen et al in 1996 [25] 
(Table 2.3)，it was found that the organ metals content were in lower amount in the 
past except for zinc content in muscle, where the amount in the past (18.5ug/g) was 
higher than the amount determined in our experiment (7.6ug/g). This suggested that 
the heavy metal pollution in the Shing Mun River was becoming more serious from 
1996 to 2002 and thus more metals were absorbed by the aquatic organisms there. 
There was a research conducted on tilapias caught from Yuen Long Nam Sang 
Wai. Cadmium, copper, lead, nickel and zinc were measured fro the gill, liver and 
muscle of the fish. The results were shown in Table 2.9. the mean copper 
concentration in the liver was found to be higher in the fish of Fo Tan site (213.7ug/g) 
than those from Nam Sang Wai (134.4ug/g); while the mean zinc concentration was 
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found to be higher in the sample livers from Nam Sang Wai (124.7ug/g) than the Fo 
Tan ones (23.5ug/g). For cadmium, lead and nickel, their mean concentrations were 













































































































































































































































































































































































































































































































































































































2.4.3 Copper and zinc concentrations in the liver of tilapia 
Copper concentration in the liver samples of tilapia collected from Shing Mun 
River was found to be of higher at Fo Tan site than the Siu Lek Yuen site. However 
this does not show the extent of pollution of Shing Mun River compared to other local 
rivers. Former research [104] showed that the copper concentration accumulated in 
the liver at Tilapia collected from Shing Mun River of Fo Tan was higher than that 
from Lam Tsuen River at Tai Wo. This matched with another former research which 
showed that the copper concentration in the sediment of Fo Tan was higher than that 
of Tai Wo [105]. It is because the heavy metal ions of different sites caused by 
different human activities. Shing Mun River of Fo Tan is located at the industrial area. 
The copper mainly came from the print circuit board and electroplating factories. One 
the other hand, Lam Tsuen River of Tai Wo and is located at the residential area. The 
copper might come from the residential sources and few of industial sources, for 
example, home and factories. This is the reason why more copper accumulates in the 
Shing Mum River than Lam Tsuen River. 
As reported by Zhou et al [105], the zinc concentration in the sediment was 
much higher than copper concentration in both Shing Mun River of Fo Tan and Lam 
Tsuen River of Tai Wo. However, from Chow's research, the copper concentration 
was higher than zinc concentration in the liver of Tilapia collected from both sites. 
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Therefore, it was proposed that copper was accumulated in the liver of Tilapia while 
zinc was not. This might be due to the liver was not the center of zinc accumulation in 
tilapia or tilapia has developed a mechanism to excrete zinc. 
2.4.4 Copper and zinc subcellular distribution in the liver of tilapia 
Subcellular distribution of copper and zinc in the liver of tilapia were determined 
in this project. It was found that most of the copper (Fo Tan: 33.0%, Siu Lek Yuen: 
34.8%) and zinc (Fo Tan: 68.2%, Siu Lek Yuen: 53.8%) were associated with the 
proteins in the cytosol. This matched with the results of Chow's research [104] in 
which copper (31.3%) and zinc (68.2%) were also found to be highest among the 
subcellular fractions. Shen et a/[24] also performed similar research in 1998. In that 
research, the liver was fractionated by centrifuging at 15,000 x g and 105,000 x g to 
yield three fractions, 15,000 x g pellet (membrane, nuclear, etc.), 105,000 x g pellet 
(microsomal fraction) and 105,000 x g supernatant (cytosol). However, Shen et aPs 
result showed that only 16% of copper located in the cytosol and most of the copper 
located in the 15,000 x g pellet (58%). This contradicted with our present result. For 




Column Chromatography of Hepatic Proteins from Tilapias 
3.1 Transport of metals from circulatory system to liver 
Uptake of heavy metals through ingestion will be absorbed from the lumen of the 
stomach and intestine into the blood. Then through the circulatory system, metals 
would be distributed to different organs for utilization, storage or excretion [40]. In 
case of mammals, plasma proteins play the dominant role in metal transport in the 
circulatory system. This would most probably be the case for fish as they contain 
plasma proteins that are homologous to those of mammals [41]. Metal binding to 
transport proteins may either be nonspecific, with weak binding of a variety of metals, 
or specific, with strong binding of particular metal ions [20]. 
3.1.1 Copper transporting plasma proteins in vertebrates 
There are different plasma copper-transporting proteins in mammals. Plasma 
copper is distributed among three major constituents comprising two pools between 
which it does not appear to be exchangeable [42]. Ceruloplasmin represents a tightly 
bound pool that accounts for at least 90% of the total plasma copper in most species 
[43]. Albumin- and amino acid-bound copper constitute the less tightly bound pool, 
which may increase in copper content directly after a meal [11]. 
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Ceruloplasmin is a 150-kDa globulin with specific copper transport function [44]. 
Ceruloplasmin is secreted by the liver and tightly binds approximately 90 to 95% of 
the copper present in the plasma [45]. The copper in ceruloplasmin is buried, non-
dialyzable, and not a part of the exchangeable plasma copper pool. The remaining 
copper is primarily bound to serum albumin and transcuperin [46, 47]. The primary 
role of serum albumin appears to be transport of newly absorbed copper from the gut 
to the liver. Copper is loosely bound to albumin, probably involving interaction with 
the terminal amino group, the imidazole nitrogen of histidine at position 3, and other 
peptide bond nitrogens [48]. The copper ions are readily exchanging between the 
albumin and transcuperin [46]. 
Transferrin is another well-know metal transport protein present in vertebrates 
which binds and transports Fe to tissues requiring the metal or to the liver for storage 
as a ferritin-bound complex [49]. Some fish plasma proteins which are involved in 
metal transport include the copper- and zinc-binding proteins are found in winter 
flounder [50]; and a 66-kDa protein that binds three molecules of zinc per molecule of 
protein is found in albacore tuna plasma [51]. However, no metal transport proteins 
are well characterized for tilapia yet. 
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3.1.2 Copper uptake into hepatocytes 
Aquatic organisms utilize a variety of mechanisms to eliminate metals from their 
bodies. One of the routes for release of metals is through elimination with feces. In 
terrestrial vertebrates, metals initially accumulated in the liver can be excreted in the 
bile [40]. However, no studies have specifically examined fish. The biliary excretion 
of metals of mammal would be used as the example to explain how the metals could 
be released from the body of fish. The liver is central to copper metabolism in 
mammals [40]. Following transfer across the gut, about 40% of the metal is taken up 
from the portal vein in each pass [52]. The liver also excretes copper through the bile. 
To enter the liver, the copper ions have to be first taken up across the hepatocyte 
membrane after transferred across the gut membrane. The uptake across the 
hepatocyte membrane is carrier mediated [53], but is not dependent on cell energy and 
is specific for copper ions [54]. 
Some data suggested that the transporter, which is responsible for the 
transmembrane copper transport, recognizes copper binding to albumin in form of 
CuAlb or CuAlbHis [55]. As it is found that copper derived from albumin was readily 
removed from the plasma [25], whereas copper from ceruloplasmin was not. 
Presumably, albumin-bound copper was readily exchangeable with tissue copper. The 
transporter is found to be a dimmer, coupled by two disulphide bridges, one inside 
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and one outside the membrane [54]. Albumin has both specific and non-specific 
binding sites for copper. When the copper was bound exclusively to the high affinity 
site, it was taken up more rapidly by the hepatocyte [55]. On the other hand, Copper 
secreted from hepatocytes (parenchymal cells) is principally in the form of 
ceruloplasmin. Extrahepatic copper is probably presented to tissues in this form. 
Owen [56] and Campbell et al [57] demonstrated that copper uptake into tissues was 
closely related to release of ceruloplasmin from the liver. 
In order to be taken up from the complex, the copper ions are suggested to be 
reduced from Cu(II) to Cu(I) so that the affinity for the complex would be reduced 
[11]. The possible enzymes involved would be NADH oxidase/ metalloreductase. 
NADH is suggested to be the electron donor. At present, little is known about the 
actual mechanism of transfer of copper across the hepatocyte membrane. As 
mentioned above, it occurs through a classic carrier-mediated process, which is not 
dependent on metabolic energy, but is dependent on the integrity of at least one and 
possibly two disulphide bonds. Copper deficiency would increase uptake due to an 
increase in transporter number at the plasma membrane [58]. 
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3.1.3 Intracellular metabolism of copper 
Once inside the cell, copper is distributed into different pools. These can be defined as 
the storage, excretion and transit pools [59]. In the experiment of using dismsar, 
which is a chelator binds copper (II) but not copper(I), to remove copper(II) in the 
hepatocyte. It can remove up to 80% of the copper, which is most recently acquired 
[60]. The extraction percentage of copper decreased to a plateau with increasing 
incubation times. At higher copper concentrations, the time to plateau was shorter, 
showing that the extractable pool was saturable in terms of both concentration and 
time [61]. In contrast, the copper which diamsar was unable to remove from cell 
increased with incubation time and at higher copper concentrations suggesting that 
copper moves from the extractable pool to the non-extractable pool. It is deduced that 
the non-extractable pool is a storage pool. The copper which binds to enzymes such as 
cytochrome c oxidase, superoxide dismutase and glutathione is thought to be part of 
the non-extractable pool [62]. 
For metallothionein, it contributes partly to the non-extractable pool only. So, it 
is suggested that there are some other proteins binding to the copper of 
non-extractable pool. They maybe the proteins responsible for intracellular copper 
transport, which means they would hold the copper ions non-permanently in the 
hepatic cytosol. And many of them are still unknown. 
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3.1.4 Mechanism of copper toxicity following excess accumulation 
Cellular damage and cell death may result from excess copper accumulation. This 
is likely when copper-metallothionein binding and copper clearances from the cell are 
blocked [63]. 
Metallothionein is a cysteine rich, low molecular weight (6500 Da) metal-binding 
protein which is important in heavy metal detoxification, metal ion storage, and in the 
regulation of normal cellular Cu(II) (and Zn(II)) metabolism. It is also thought to be a 
free radical scavenger, playing a protective role in oxidative stress. It is known to bind 
zinc, cadmium, copper, mercury and silver in increasing order of affinity and its gene 
transcription is greatly enhanced upon exposure of cells to these metals [12, 13]. High 
metallothionein concentrations are also induced in the liver by physical and chemical 
stress, infection and glucocorticoids [13]. It is proposed that free Cu(I) binds to 
intracellular sulphydryl groups and inactivates enzymes such as glucose-6-phosphate 
dehydrogenase and glutathione reductase [64]. In addition, copper may interact with 
oxygen species (e.g. superoxide anions and hydrogen peroxide) and catalyze the 
production of reactive toxic hydroxyl radicals. 
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3.1.5 Aim of this chapter 
In this chapter, the proteins in the cytosolic fraction were purified by 
gel-filtration chromatography. The different peaks obtained through the 
chromatography were characterized with SDS PAGE. By matching the 
chromatography peaks with the corresponding copper amount, cytosolic proteins 
related to copper could be located. 
Different sub-cellular fractions of the hepatocytes of tilapias were obtained 
previously. And the cytosolic fractions were found to contain the highest amount of 
copper and zinc. Thus, copper-binding proteins would be of high abundance at this 
fraction. This is the reason for choosing the cytosol for further purification of 
copper-binding proteins. 
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3.2 Materials and Methods 
3.2.1 Purification of liver cytosolic proteins by gel-filtration column 
chromatography 
The cytosolic fractions obtained from last section (section 2.4) were subjected to 
gel-filtration column chromatography using Superdex G-75 chromatoraphy. The 
system was Fast Protein Liquid Chromatography system (FPLC, Pharmacia). 
Superdex G-75 gel filtration column (Hiload 16/60 prep grad, Pharmacia) with 16mm 
diameter and 60cm height with bed volume of 120ml was used. 
The Superdex G-75 column was calibrated by standard protein markers. The 
protein markers used for this column included 50mg/ml BSA (67kDa), 50mg/ml 
trypsin inhibitor (20.1kDa), 40mg/ml RNase A (40mg/ml) and 20mg/ml vitamin B-12 
(1.36kDa). In first calibration, lOOul of BSA, trypsin inhibitor and vitamin B-12 were 
used. They were mixed and injected to FPLC. Then, they were eluted by distilled 
water at 0.5ml/minute. The absorption wavelength was set to 280nm. Similarly, the 
column was calibrated by lOOul of RNase A , blue dextran and 50ul of vitamin B-12. 
Blue dextran (2,000kDa) was used to determine the void volume of the column. 
The running buffer for the Superdex G-75 chromatography was lOmM of Tris-Cl 
pH 7.4, lOmM sodium chloride, ImM of DTT and 0.5mM of PMSF. The buffer was 
filtered through Whatman 0.2 micron membrane. Before applying the samples, the 
column was equilibrated with the running buffer for two bed volumes at 0.5ml/min. 
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The cytosolic fractions of section 2.4 were applied to the column. Three samples of 
each of the following were applied to the column: field sample and control. In each 
turn, 2ml of the sample was injected into the column and was eluted by running buffer 
at 0.5ml/minute. The wavelength monitored was set to 254nm to detect metal 
mercaptide [65]. Each of the fractions contains 2ml of eluate. After one bed volume, 
additional 0.5 bed volume of running buffer was applied to remove other trace amount 
of the sample and re-equilibrate the column. 
3.2.2 Copper content detection in elution 
The copper concentrations in alternative fraction were determined by adding 1ml 
of the eluate to 9ml of 69% nitric acid (BDH Aristar Grade). The copper 
concentration was measured by Zeeman SpectrAA-800 GFAAS and Hitachi Z8100 
FA AS. The zinc concentration was determined by FAAS. The fractions with high 
metal content and O.D. 254nm were pooled together according to the type of the 
sample applied and were stored at -20°C for further use. 
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3.2.3 Analysis of peaks from elution profile using Tricine gel SDS PAGE 
The pooled fractions with high metal content and O.D. 254nm were applied to 
tricine gel sodium dodecylsulphate-polyacrylamide gel electrophoresis (SDS-PAGE). 
The protocol of tricine gel SDS-PAGE was modified from standard protocol [66] 
using 8.5cm x 5.5 cm x 1mm mini-gels. The stacking gel we used was 5% while the 
separating gel was 15% with 10% spacer gel in between. For separating gel, each gel 
consisted of 1.65ml 30:0.8 acrylamide stock (Sigma), 1ml gel buffer, 0.3175ml 
glycerol (USB), 32.5ul distilled water, lOul of 10% ammonium persulphate solution 
(Amresco) and lul TEMED. For spacer gel, its components were 1ml 30:0.8 
acrylamide stock, 1ml gel buffer, 1ml distilled water, 15ul of 10% ammonium 
persulphate solution and 1.5ul TEMED. For stacking gel, its components were 0.21ml 
30:0.8 acrylamide stock, 0.3875ml gel buffer, 0.965ml distilled water, 7.8ul of 10% 
ammonium persulphate solution and 0.78ul TEMED. Ten ml of the gel solution 
consisted of3.6342g Tris-Cl pH 8.45 and 0.03g SDS (Gibco). Ten ul of the samples 
and 5ul of protein standard (Gibco prestained low molecular weight protein marker 
for 3kDa - 43 kDa) were mixed with 2x tricine loading dye (Novex) at ratio 1:1 and 
denatured by heating at 94。C for 4 minutes. The SDS-PAGE apparatus was assembled 
and filled with anode buffer and cathode buffer. Anode buffer consisted of 0.2g SDS, 
3.58 g tricine (Sigma) and 2.42 g Tris-Cl dissolving in 200ml distilled water and the 
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final pH was adjusted to 8.25. Cathode buffer consisted of 19.38 g of Tris-Cl 
dissolving in 800ml of distilled water and the pH was adjusted to 8.9. 
The samples and protein standard were loaded into the well and ran at 20V 
before reaching separating gel and it was increased to 1OOV after reaching the 
separating gel. When the dye front reached the end of the gel, the gel was removed 
from the cast and stained with Coomassie blue for 2 hours. The Coomassie blue 
solution contained 0.2% Coomassie blue in 5% methanol and 7% acetic acid. After 
staining, the gel was destained with the staining solution without dye overnight. 
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3.3 Results 
3.3.1 Gel-filtration liquid chromatography elution profiles 
The elution fractions of control, field and copper-injected (5mg/kg and 1 Omg/kg) 
samples from the gel-filtration liquid chromatography were subject to copper 
concentration determination. Fig. 3.1a to 3.Id show the matched results of the 
monitoring of elution fractions under UV of 254nm and the corresponding fraction 
copper content. In the following paragraphs, 'matched peaks' would be used to 
describe the peaks with corresponding high copper content and high absorbance at 
UV254nm. 
Table 3.1 shows all the peaks appear in the samples with their corresponding 
fraction numbers listed. Among all samples, three matched peaks were found in each. 
The first two matched peaks (fraction no.: 19-24 and 24-35) were commonly found in 
all four types of sample. The position of the third peak was different for different 
samples. The third peak of control and field sample was located at the same position 
(fraction no.: 34-41); while that of the copper-injected samples was located at another 
position (fraction no.: 38-51). For the copper-injected samples, there was another 
minor peak (fraction no.: 42-45) of absorbance at UV254nm located within the third 
peak of high copper content. So it was suggested that within the third peak of high 
copper content, there were two different size groups of copper-binding proteins. 
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Copper was mainly associated with the first peak (fraction no.: 19-24, around 
67kDa) and the third peak (faction no.:34-41, around 14kDa). The third peak near 
molecular weight 14kDa was presumed as metallothionein. It is because it can bind 
with both copper and zinc [104]. Moreover, its molecular weight (14kDa) suggested 
that it may be the native metallothionein of Tilapia, according to the research of Wu et 
al[lAl 
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Fig. 3.1 Gel filtration profiles of Tilapia (a) control and (b) field sample. The profiles were obtained by a 
Sephadex 75 column with 16mm diameter, 60cm height, bed volumn 120ml, and 1 ml fraction size. The buffer was 
lOmM Tris-Cl, pH 7.4，lOmM sodium chloride, ImM DTT and 0.5mM PMSF, filered through 0.2micron 
membrane. 
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Fig. 3.2 Gel filtration profiles of Tilapia (a) low dosage copper-injected (5mg/kg) sample and (b) high dosage 
copper-injected (lOmg/kg) sample. The profiles were obtained by a Sephadex 75 column with 16mm diameter, 
60cm height, bed volumn 120ml, and 1 ml fraction size. The buffer was lOmM Tris-Cl, pH 7.4，lOmM sodium 










































































































































































































































Table 3.1 Corresponding fraction number of the peaks present in Fig. 3.1a to 3.Id. 
sample Peak no. at uv 254nm Fraction no. Peak no. of high copper content Fraction no. 
Control 21^ ^ 
*’#2 25-33 *2 25-34 
# 3 34-41 J 35-40 
4 45-53 4 41-48 
5 ^ 
Field Sample *，#1 ~ ~ *1 ~ 
*，#2 25-33 *2 25-35 
3 34-38 . 3 37-47 
4 
Copper-injected sample *’#1 19-24 *1 19-24 
(5nig/kg) *’ #2 25-36 *2 25-37 
3 37-41 3 38-49 
4 ^ 
Copper-injected sample *，#1 ~ *1 19-23 
(lOmg/kg) *’#2 24-37 *2 24-37 
3 38-41 3 38-51 
4 47-65 
5 71-77 
1. Peak no. marked with * means the peaks are commonly found in all samples 
2. Peak no. marked with # means the peaks are matched with high corresponding copper content 
3. Peak no. in italic means corresponding peaks at same fraction no. 
of high Cu content/ high abs under UV254nm were matched 
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3.3.2 SDS PAGE analysis of peaks in elution profiles 
The SDS PAGE results are shown in Fig. 3.3 and 3.4. In the gel of control, peak 
no. 2 is the peaks no 2 and 3 at field sample gel. In peak no. 1 and 2, there are 
obviously more bands in the field sample and copper-injected samples than the 
control. It should be noted that the peak no.3 ofUV254nm of field sample is 
combined with the peak no.2 to form the peak no. 3 of other samples. This is revealed 
from the shifted position of that particular peak. The peak is further separated into two 
minor peaks. It is interesting to note that the bands appeared more in peak no.3 of the 
lower dosage copper-injected sample than the higher dosage one. 
There is an obvious band at around 14kDa for all samples. This is presumed to 
be the MT peak and is needed to be further confirmed. There is another peak at the 
peak no.2 of copper injected sample (lOmg/kg) at around 30kDa. This band is highed 
expressed in the sample but weak in the others. 
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Peak no. 
kDa 1 2 3 4 1 2 3 4 
Control Field Sample 
Fig. 3.4 The peaks, which were observed on gel filtration profiles, of control and 
field sample subjected to SDS PAGE. The gel were ran at lOOV and then 
stained with Coomassie blue. 
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Peak no. 
kDa 1 2 3 4 5 1 2 3 4 5 
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Fig. 3.5 The peaks, which were observed on gel filtration profiles of copper-injected 
samples (5mg/kg and 1 Omg/kg), were subjected to SDS PAGE. The gel 
were ran at lOOV and then stained with Coomassie blue. 
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3.4 Discussion 
3.4.1 Comparison of gel filtration profiles of sample liver cytosol between sites 
and sexes 
In the beginning of the experiment, field samples of different sexes and sites were 
subject to liquid chromatography separately. But the difference of the elution profiles 
under monitor of absorbance UV254nm among the sites and sexes was found to be 
not significant. Thus it was decided to pool elution fractions of the two sexes together 
for further characterization of the content. And this is also the reason that Tilapia 
samples were not collected from Siu Lek Yuen Nullah in summer of 2002. 
3.4.2 Possible proteins in peaks found in the gel filtration profiles 
Generally, there were two common major peaks observed under monitor of UV254nm 
in all sample (fraction no.: 19-24, 25-36). These two high-molecular-weight peaks 
contained mainly copper binding proteins. It is because lots of copper, but little of 
zinc (found by Chit Chow in previous studies, Fig. 3.3)，was co-eluted in this peak. 
According to the molecular weight, this group of protein should not be 
metallothionein. SDS-PAGE showed that it contained a group of protein at higher 
molecular weight. According to past researches, there were many copper binding 
protein isolated from human or rat liver with similar molecular weight. Palida et al 
[67] purified a 48 kDa copper binding protein from the liver of brindle mouse and 
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normal mouse. Brindle mouse used in this research is the mouse model of Menkes 
disease which has copper deficiency. The amount of the copper binding protein was 
found to be higher in normal mouse than in brindle mouse. Therefore, they proposed 
that this copper binding protein has important role in copper metabolism in normal 
liver. Moreover, a 50kDa copper binding protein was also purified from brindle 
mouse by Seo et al [68]. The other significant finding about non-metallothionein was 
related to a 88kDa copper binding protein purified from the liver of rat [69]. It was 
found that the amount of this protein has inverse correlation with metallothionein. 
Besides them, there were few of copper binding protein purified from different 
organisms, such as sheep [70], rat [71] and human [72，73]. Most of them were 
purified from the liver, except the copper binding protein purified by LaBadie et al 
which was purified from skin fibroblast of a Menkes patient [73]. Their molecular 
weight ranged from 3.5kDa to 88kDa. 
The third peak of high absorbance of UV254nm (fraction no.: 34-41) was 
presumed to contain metallothionein. It is because it was found to be bound not only 
with copper but also zinc in previous study by Chit Chow (Fig. 3.3). Moreover, its 
molecular weight (14kDa) suggested that it may be the native metallothionein of 
Tilapia, according to the research of Wu et al [74]. However, it was not pure and other 
bands were found on SDS-PAGE. Another peak at fraction no. 37 to 50 with high 
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copper content was also presumed to contain metallothionein as it was found to bind 
with high amount of copper and a strong band was found at around 14kDa in the SDS 
PAGE. 
Most of the copper binding protein purified had unknown physiological 
significance. It was just known that they are already bound with copper. However, 
some of them where characterized to have physiological significant in copper 
transportation, such as Atxl-like chaperones which transfer copper to intracellular 
copper transporters and CCS chaperones which shuttle copper to copper, zinc 
superoxide dismutase [75]. Metallochaperones are a group of protein which transfer 
metal ions to other metalloproteins, metalloenzyme or metal binding proteins by 
direct protein-protein interaction [76]. Some of the protein bands shown in the 
SDS-PAGE may be metallochaperones. 
In the above experiments, the metal binding proteins purified were classified as 
non-metallothionein. This was based on that they have different characteristics from 
metallothionein, such as molecular weight and amino acid composition. For the amino 
acid composition, metallothionein consists of about 30% cysteine group, no aromatic 
residue and low histidine, aspartate or glutamate. However, the metal binding proteins 
purified above may have low cysteine content [71, 77, 78], consist of aromatic amino 
acids [79，80]，or have high content of histidine, aspartate or glutamate [81, 82, 83]. In 
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other words, majority of the metal absorbed in the liver are not associated with 
metallothionein. 
3.4.3 Common copper-induced proteins 
It is not quite possible to draw a conclusion on what proteins were induced or 
suppressed from the obtained data; the 2D gels could only serve as a preliminary 
identification of the proteins. However, it is possible to discuss here about the 
common and possible hepatic proteins induced by copper. The following are the 
possible proteins: 
A. Metallothionein 
Metallothioneins (MT) are a superfamily of low molecular weight (7-14 
kDa) cysteine-rich (over 33%) proteins [89]. All vertebrates contain two or more 
MT isoforms [90]. The two most widely expressed isoforms in vertebrates, MT-1 
and MT-2, are rapidly induced in the liver by heavy metals. The thiolate cluster 
structure of these proteins is involved in the metabolic regulation via Cu[II] ions 
donation, protection against oxidative damage, and sequestration and/or redox 
control [91]. The MTs are involved in the detoxification and possibly storage of 
excess copper [92]. In many cells, MT appears to exist with varying ratios of 
bound copper. Mammalian MT usually binds seven zinc ions, but it also can 
contain copper, cadmium and traces of other metals [93]. Although binding 
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stoichiometries and coordination geometry have not been clearly established for 
metal ions, Cu-MT is one form of the protein that deviates from the usual 
coordination of seven tetrahedrally bound metal ions per polypeptide [94, 95]. 
Nielson et al. [96] found that eleven or twelve copper ions were bound to MT. 
The S. cerevisiae CRS5 MT-like protein [97, 98] and C. glabrataMT (I and II) 
[99] bind in excess of 10 copper ions per molecule.. 
B. Cu/Zn Superoxide dismutase 
Cu/Zn Superoxide Dismutase (SOD) is a dimer of molecular weight 32 
KDa. Each 151 amino acid monomer folds as an eight stranded greek-key 
beta-barrel connected by three external loops. They protect cells against 
oxidative stress by converting superoxide anions to peroxide: 
S0D-Cu2+ + 02- — SOD-CU+ + 02 
SOD-CuV 02- + 2H+ — S0D-Cu2+ + H2O2 [100] • 
There is a proteomic study on rainbow trout liver cell using 2D gel [101]. 
The copper/zinc superoxide dismutase (Cu/Zn SOD) of the rainbow trout was 
found to have molecular weight of 16kDa and pi value of 6.1. This could be 
served as a reference for the SOD in tilapia. 
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C. Cytochrome C oxidase (COX) 
The enzyme cytochrome c oxidase is a large transmembrane protein found 
in the mitochondrion and is the terminal electron acceptor in the electron transfer 
chain, taking four reducing equivalents from cytochrome c and converting 
molecular oxygen to water [102]. In the process, it translocates protons, helping 
to establish a chemiosmotic potential that the ATP synthase then uses to 
synthesize ATP. The reaction involved is: 
4Fe2+-cytochrome c + 4H+ + O2 + 4Fe^^-cytochrome c + H2O [103] 
The complex is a large lipoprotein composed of seven metal prosthetic sites 
and thirteen protein subunits. In mammals, 10 subunits are nuclear in origin and 
three are synthesized in mitochondria. The complex contains two heme groups, 
the a and as cytochromes, and two copper centers, the Ciuand Cub centers. The 
cytochrome a] and Cub together formed the site of oxygen reduction. 
D. Albumin 
Albumin is a blood plasma protein that is produced in the liver and forms a 
large proportion of all plasma protein [11]. Human albumin has molecular size of 
66.4kDa, pi value of 5.8, which can serve as the reference for the tilapia albumin. 
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3.5 Conclusion 
In the gel-filtration liquid chromatography, two matched peaks ('matched peaks' 
mean the peaks with corresponding high copper content and high absorbance at 
UV254nm) were commonly obtained from all four samples: control, field sample, 
lower dosage copper-injected sample (5mg/kg) and higher dosage copper-injected 
sample (lOmg/kg). The two peaks were located at fraction no. 19 to 24 and 24 to 37 
(Table 3.1). The position of the third peak varied among different sample groups: the 
control and field sample shared the same position (fraction no: 34-41); while the two 
copper-injected samples shared another position (fraction no: 37-41). However, as the 
positions of the third matched peak are close to each other, they could be considered 
as within the same position. This peak is presumed to be containing the well-known 
metal-binding protein - metallothionein. For the other peaks with high corresponding 
copper content, they are speculated to be containing copper-binding proteins. 
The column elution of different peaks (Fig. 3.2) obtained for all sample groups 
was subject to SDS-PAGE analysis. The number of bands in Peak no.l was found to 
be increasing from control to field sample to the copper-injected samples. On the 
other hand, the bands number increases from control to field sample, and from lower 
dosage copper-injected sample to the higher dosage one. However, the control seemed 
to contain similar number of bands to the higher dosage copper-injected sample. It 
70 
should be noted that the Peak no.3 of UV254nm of field sample is combined with the 
Peak no.2 to form the Peak no. 3 of other samples. This is revealed from the shifted 
position of that particular peak. The peak is further separated into two minor peaks. 
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Chapter 4 
Two-dimensioanl electrophoresis of hepatic cytosol of Tilapias caught 
from Shing Mun River and copper-treated HEPATl cell 
4.1 Introduction 
4.1.1 The need of ‘in vitro，experiment 
In the experiments mentioned in previous chapters, sample tilapias obtained 
from Shing Mun River were used. This is regarded as the 'in vivo' study which could 
reflect the actual effect of the river contaminations. However, contaminations in Shing 
Mun River were not confined to heavy metals only, which means there were some 
other contaminants, either organic or inorganic. Even within the heavy metals 
concerned, not only copper present in the river water. The presence of so many 
uncontrolled contaminants would interfere with the responses of the sample tilapias. 
There are numerous investigations on the effects of metal mixtures to the metal 
accumulation in teleost tissues and organs [84, 85]. The studies showed that heavy 
metal mixtures would affect the accumulation of metals in fish tissues and organs in 
relation to biotransformation of metals through the body, as well as their excretion 
[86]. For example, it was found that zinc prevented the uptake of copper, while copper 
did not affect the uptake of zinc in Clarias lazera [87] and Tilapia nilotica [88]. 
Besides, the uncontrolled natural conditions would also lead to different 
responses in different individuals. In many studies, the metal accumulation in tissues 
and organs of tilapias were found to be changing with the changes in chemical and 
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physical parameters of water e.g. temperature, salinity and hardness [84]. Besides, age 
and metabolic activities of the samples could also affect the metal accumulation [85]. 
Thus, it is necessary to carry out the ‘in vitro' experiment with cell line, which could 
be well-controlled under a stable environment. And with this stable environment, any 
changes taken place could be ensured as the result of a single effect. 
4.1.2 Choice of cell line 
In order to study the single effect of copper exposure on tilapia, 'in vitro' studies 
using cell line were carried out. The HEPA T1 cell line was chosen as this is the only 
hepatocyte cell line of tilapia available. This cell line was obtained from Oreocheomis 
niloticus. Cytotoxicity of copper were detected from three different cell lines 
including HEPATl, they were HEPAT1, SJD and ZFL. SJD and ZFL were skin 
fibroblast cell and liver cell of zebrafish respectively. When compared the LC50 of 
copper to the two other cell lines, it was found that the LC50 of HEPA Tl was the 
highest among the three (Fig. 4.1). This suggested that the HEPATl cell line was the 
one most resistant to copper among the three cell lines. This is another reason for 
choosing HEPATl to carry out the copper exposure experiment. 
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4.1.3 Aim of this chapter 
This chapter aimed at identifying the effects of copper on hepatocyte of our 
sample tilapia. HEPATl cell was chosen to carry out the copper exposure experiment 
in order to compare with our field samples. Copper chloride was added into the 
culture medium of the HEPA T1 cell and kept at controlled condition for 24 hours 
before the harvest of cytosolic fraction. Control was produced by cultivating the cell 
with culture medium without copper chloride. ProteoExtract '^^  Subcellular Proteome 
Extraction Kit (Calbiochem) was employed to fractionate the treated HEPATl cells. 
The cytosolic fractions, together with the hepatic cytosol of the field sample obtained 
in previous part (session 2.2.5) were analyzed with 2-dimensional gel electrophoresis. 
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4.2 Materials and Methods 
4.2.1 HEPA T1 cell cultivation 
The Hepa-Tl cell used in our experiment was obtained from Riken Bio-resource 
Center from Japan. The cell was maintained in standard culture medium (50% L-15 
medium, 35% DMEM, 15% Hams F12. 1.5 g/1 sodium bicarbonate, 15 mM HEPES, 
0.01 mg/ml insulin 50 ng/ml EGF and 5% heat inactivated Fetal Bovine serum) which 
was also used as the culture mediumor zebrafish liver cell. 
Culture flasks were used to cultivate the HEPA T1 cells and they were allowed to 
grow to 80% confluence in order to keep the cells healthy. Due to rapid cell division, 
some of the cells had to be passed to another flask before reaching totally confluence. 
This is called ‘cell sub-cultivation'. To carry out 'cell sub-cultivation', the medium 
was removed from the culture flask first, without disturbing the monolayer of cell. To 
remove the remaining medium, 5ml of PBS was used to wash the platform of the flask. 
Then, 3ml of trypsin was added to the flask to detach the cells. Three ml of medium 
containing 5% FBS was added to neutralize the trypsin and followed with 
centrifugation at 130g for 5 minutes at 24。C. After centrifugation, the supernatant was 
discarded and the cell pellet was resuspended in 8 ml of medium. Cell suspension was 
added to 2 to 3 75cm^ culture flasks containing 15ml medium respectively. 
All apparatus, medium and reagents used in cell cultivation were autoclaved, 
filtered with Millipore filter disc or sterilized with 70% ethanoL 
76 
3.4.3 Copper exposure of HEPA T1 cell 
Culture flasks of 25cm^ were used for the convenience of protein harvest. 
Hepa-Tl cells were allowed to grow to 80% confluence in 8ml culture medium before 
exposing to culture medium with copper. Copper chloride was dissolved into distilled 
water to make up a stock solution of 0.5M. The solution was filtered through 0.2um 
filter unit before adding to the culture medium. Two concentrations of copper were 
chosen for this copper exposure experiment: 50uM and lOOuM. They were made by 
adding 0.8ul and 1.6ul of the stock solution into 8ml of culture medium respectively. 
The cells were then exposed to the copper-containing medium for 24hours before 
protein harvest. Control was made by cultivating the cell in normal culture medium. 
3.4.3 Subcellular protein extraction of the copper-treated HEPA T1 cells 
After 24-hour exposure, the cytosolic protein was extracted by using 
ProteoExtract丁M Subcellular Proteome Extraction Kit (Calbiochem). The whole 
procedure was performed in the cell culture flask. The total proteome was fractionated 
into four proteomes of decreased complexity. The protocol suggested cells to be 
grown in 24cm^ culture flask with approximately 80% confluence. The following 
steps were carried out according to the protocol: 
A. Washing Step 
First, the cells were washed by overlaying the cell monolayer with 2ml ice 
cold Wash Buffer (stored at 4。C) provided. The cell culture flask was then 
agitated gently at 4°C for 5min. After that, the ‘ Wash Buffer was aspirated 
completely without disturbing the cell monolayer. The washing step was 
repeated once again. 
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B. Cytosolic fraction extraction 
One ml of ice cold Extraction Buffer I was mixed with 5ul Protease 
Inhibitor Cocktail. The mixture was added into the culture flask immediately 
without disturbing the monolayer. The flask was moved carefully so that all cells 
were covered with the mixture and then incubated for lOmin at 4°C under gentle 
agitation. After that, the supernatant containing the cytosolic fraction was 
pipetted completely into a 2ml microtiibe without disturbing the cell layer and 
kept at -20°C. 
C. Membrane/ organelle protein fraction extraction 
One ml of ice cold Extraction Buffer II was mixed with 5ul Protease 
Inhibitor Cocktail. The mixture was added into the culture flask immediately 
without disturbing the monolayer. The flask was moved carefully so that all cells 
were covered with the mixture and then incubated for 30min at 4°C under gentle 
agitation. After that, the supernatant containing the membrane/ organelle fraction 
was pipetted completely into a 2ml microtube without disturbing the cell layer 
and kept at -20°C. 
D. Nuclei fraction extraction 
Five hundred ml of ice cold Extraction Buffer III was mixed with 5ul 
Protease Inhibitor Cocktail and 1.5ul Benzonase®. The mixture was added into 
the culture flask immediately without disturbing the monolayer. The flask was 
moved carefully so that all cells were covered with the mixture and then 
incubated for lOmin at 4°C under gentle agitation. After that, the supernatant 
containing the nucleus fraction was pipetted completely into a 2ml microtube 
without disturbing the cell layer and kept at -20°C. 
E- Cytoskeletal fraction extraction 
Five hundred ml of room temperature Extraction Buffer IV was mixed with 
5ul Protease Inhibitor Cocktail. The mixture was added into the culture flask 
immediately without disturbing the monolayer. The flask was moved carefully so 
that all residual material was covered with the mixture. After complete 
solubilization of the residual materials, the extract containing the nucleus 
fraction was transferred into a 2ml microtube and kept at -20°C. 
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3.4.3 Bicinchoninic Acid (BCA) Protein Assay 
In our experiment, BCA protein assay was employed to measure the 
concentration of the proteins present in the cytosolic fractions. The working reagent 
was prepared by mixing 50 parts of BCA™ Reagent A with 1 part of BCA™ Reagent 
B. Five III of each standard or unknown sample replicate was pipetted into a 
microplate well. One hundred of working reagent was added to each well and the 
plate was then incubated at 37°C for 30 minutes. The absorbaiice at or near 562 nm 
was measured on a plate reader. The protein concentration of the cytosolic fractions 
extracted from Hepa-Tl cells can be calculated. 
3.4.3 Two-dimensional gel electrophoresis 
The ZOOM® IPGRimnerTM System of Invitrogen was used to perform the first 
dimension isoelectric focusing (lEF); while the XCell Sure Lock^M system, together 
with the NuPage® Bis-Tris gels were used for the second-dimension electrophoresis. 
A. Sample Preparation 
The cytosolic fractions of the HEPATl cell prepared in 4.2.3, as well as the 
cytosolic fractions of field samples prepared in 2.2.5 were utilized. 
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B. Isoelectric Focusing (lEF) 
lEF was performed in ZOOM® strips, which are in vertical mini-gel format, 
using the ZOOM® IPGRunnerTM System. In our experiment, ZOOM® strips of 
pH 3-1ONL were used. The ZOOM® strips had to be rehydrated before 
performing the lEF. Cytosolic protein samples were added to the sample 
rehydration buffer containing urea, detergent, reducing agent, ampholyte solution, 
and bromophenol blue. 
The rehydration buffer denatures and solubilizes the sample proteins for 
isoelectric focusing. Due to the large variety of proteins, there is no universal 
sample rehydration buffer. The starting material and goal of the experiment are 
two factors to consider when selecting a buffer. The sample rehydration buffer 
I 
‘ must maintain proteins in solution during rehydration of the IPG strips and lEF, 
I 
I and must not have any effect on the pi of the protein. The buffer in our 
1 
experiment contained a denaturing agent (8M urea), solubilizing agent (2% 
NP-40 and 0.5% (v/v) pH 3-10 ZOOM® Carrier Ampholytes), reducing agent 
(20mM DTT) and a dye (0.002% Bromophenol Blue). The sample buffer was 
aliquoted into 1 mL aliquots and stored under -25°C. The DTT was added to the 
1 
buffer prior to use. 





to rehydrate overnight. Each strip was placed in a well in the ZOOM® 
IPGRimnerTM Casette, together with the rehydration buffer. Sample buffer in 
volume of 155ul would be mixed with the sample prior to rehydration. The 
suggested amount of protein sample to be added is 5ug to lOug in at most lOul. 
Each cassette has six wells and thus six strips could be rehydrated each time. For 
the broad range ZOOM® strips, the suggested step voltage for lEF would be: 
Step 1 - 200V for 20min, Step 2 - 450V for 20min, Step 3 - 750V for 20min and 
Step 4 — 2000V for 30min. 
The resultant final volt-hour was 1200 to 4200 volt-hrs. 
After the lEF, strips could be continued to the equilibration or stored under 
-80。C in the sealed container. 
C. Equlihration and alkylation 
Equilibration was done by incubating the IPG Strips in NuPAGE® LDS 
Sample Buffer. Stock NuPAGE® LDS Sample Buffer was diluted 4 times to IX 
with deionized water. One ml NuPAGER Sample Reducing Agent (lOX) to 9.0 
ml of IX NuPAGER LDS Sample Buffer in a 15 ml conical tube. Then each strip 
was places in a 15 ml centrifuge tube and 5 ml of the mixture was added into the 
tube. Incubated the strip for 15min and then changed the mixture to incubate for 
a further 15min. After that, the strips could be proceeded to alkylation. 
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Alkylating Solution was prepared by dissolving 232 mg of fresh 
iodoacetamide in 10 ml of IX NuPAGE® LDS Sample Buffer (prepared in the 
equilibration step) in a 15 ml conical tube. Each strip was incubated in 5ml 
alkylating solution for 15min in a 15ml centrifuge bottle. 
D. Second dimension electrophoresis 
The second dimension electrophoresis was performed using SDS-PAGE. 
NuPAGE® Novex 4-12% Bis-Tris ZOOM® Gels and the XCell SureLock™ 
Mini-Cell from Invitrogen were used. The IPG strips were fit to the IPG strip 
well located at the top of the gel. Each XCell SureLock™ Mini-Cell could allow 
two gels to run at a time. The SDS-PAGE was performed at 200 V for 40-50 
minutes. After that the gels were proceeded to silver staining using the 
SilverQuestTM ki t . 
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4.3 Results 
4.3.1 Graphical presentation of spots observed on 2-Dimensioanl gel of field 
samples and copper-injected samples 
The 2-D gels of field samples were obtained at early stage of the project and the 
scanner chosen to scan the gels was of low quality. This caused difficulties in 
processing the gels with the I m a g e M a s t e r T M 2D Platinum in later stage. Thus, all the 
2-D gel images of the field samples and copper-injected samples were not processed 
by any computer. 
As seen from the images (Fig. 4.2a to 4.2d), the control has less spots than the 
field and copper-injected samples. Most of the spots that were present in the field 
sample only gathered at the 6kDa to 14.4kDa alkaline (pHlO) region. For the two 
copper-injected samples, the patterns were different. The sample injected with lower 
dosage gave spots mainly located at the acidic region at molecular sizes from 6kDa to 
55.4kDa, while the higher dosage one gave more wide-spread pattern. The patterns of 
control and the higher dosage copper-injected sample are similar. And spots were 
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Fig. 4.2 Two-D gels of 3 separate control HEPATl cell lines, (a) control, (b) copper 
(5mg/kg) injected sample,(c) copper (lOmg/kg) injected sample and 
(d) field sample caught from Shing Mun River. The lEF strips 
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employed were of pH3 to pHlO, non-linear. 
4.3.2 Graphical presentation of spots detected on 2-Dimensional gel of 
HEPATl cells 
Altogether three classes of 2-D gels of HEPATl cells were obtained: Control 
(HEPATl cells treated with normal medium), HEPATl cells treated with 50uM 
Copper, and HEPATl cells treated with lOOuM Copper. 
The spots detection and quantitative analysis of the spots were done by 
I m a g e M a s t e r T M 2D Platinum. Three spots on the gels were set as land marks(LMl, 
LM2 and LM3 as shown in the following gels) in order to provide fixed locations for 
matching. The spots pattern is more consistent among different groups of HEPATl 
samples than those of the field samples. This could be due to the fact that HEPATl 
cells were treated under well-controlled environment while the field samples were 
affected by various uncontrolled parameters in the Shing Mun River. So, HEPATl 
cells were chosen to be studied for the identification of copper-binding proteins 
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Fig. 4.3a to 4.3c Two-D gels of 3 separate control HEPATl cell lines, (a) Control A 
(reference), (b) Control B and (c)Control C. The lEF strips employed were of 
pH3 to pHlO, non-linear. 
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Fig. 4.4 The scatter plot of the spots on the control gels, Control A was set as the reference 
gel so that two plots were obtained: (a) the plot of Control A against Control B, 
(b) plot of Control A against Control C. 
The equation of the line, correlation coefficient and no. of paired spots were also 
shown in the graph. 88 
Using the scatter plot, the linear dependence between the spot values of one gel 
could be compared to another. 
From the correlation coefficient, goodness-of-fit of the paired spots in the two 
gels were estimated. An absolute value near 1 indicates a good fit. Both the paired 
spots on Control B and Control C fit quite well to Control A. However, the offset 
value of Fig 4.3b was 0.56, this means that the paired values were shifted by 0.56 with 
respect to the reference gel. This showed that Control B actually showed less variation 
to the refernce gel than Control C. 
The summary of the matched spots of Control B and Control C against Control A is 
shown in table Table 4.1. The number of matched spots and percentage matches of 
control A against control B are both higher than that of control A against control C. 
Table 4.1 Summary of matched spots of Control B and Control C against the 
reference gel (Control A) 
No. of Matches I Percentage Matches(%) I 
Plot Control A vs Control f 40 — 35.87 
~P\ot Control A vs Control C 21 20.69 
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B. HEPATl treated with 50uM Copper 
pHlQ pH3 
I H H H i l 
• I ‘ . . . . . . . 
—— ^ — — .、」 / 、 ⑷ 
pHlQ pH3 
66.3kDa - M K F - ’ ？ 
55.4kDa- ' ' • • , 
� . /ctduc. �— � • • • ‘ , ' Wm 
I r • ‘ 
6kDa- …:、“ • ‘ 




^ • B H H H 
•！謹 
H i y m m . 
pHlO e H 3 _ 
9 7 . 4 k D a - P • . ？t^：" ^ " ^ r 
減Da- , :: : . S ^ ^ ^ ^ M B 
36.5kDa- m : •:、.:.. ‘，•： j ^ n m m 
31kDa- m J i 終 . 、 
14.4kDa - .. , V 
. � I,',- ^ ‘ � � y 
丨…？ ： ^ . . ^ m m ^ (d) 
Fig. 4.5a to 4.5d Two-D gels of 4 separate copper-treated (50uM) HEPATl cell 
lines, (a) 50uM Cu A (reference), (b) 50uM Cu B，(c) 50uM Cu C 
and (d) 50uM Cu D. The lEF strips employed were of pH3 to ^^  
pH 10’ non-linear. 
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Fig. 4.6 The scatter plot of the spots on the 50uM copper-treated gels, 50uM Cu A was set 
as the reference gel so that three plots were obtained: (a) the plot of 50uM Cu A 
against SOuM Cu B，(b) plot of 50uM Cu A against 50uM Cu C，(c) plot of SOuM 
Cu A against SOuM Cu D. 
The equation of the line, correlation coefficient and no. of paired spots were also 
shown in the graph. 
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From the correlation coefficient, goodness-of-fit of the paired spots in the two 
gels were estimated. An absolute value near 1 indicates a good fit. The spots on 50uM 
Cu A fits the best with 50uM Cu B, this was shown by the high value of correlation 
coefficient (0.961) of the plot of these two graphs. And the offset value is just 0.13, 
this means the paired values were shifted by 0.13 only with respect to the reference 
gel. However, the number of paired spots was only 25. Comparing to the plot of 
50uM Cu A against 50uM Cu C, which have 40 pairs, the 50uM Cu C actually was 
more fit to the reference gel than all the other gels. On the other hand, 50uM Cu A 
totally did not fit with 50uM Cu C as the coefficient value is low. 
Among the there gels, those spots on 50uM Cu B matched the spots on reference gel 
best. 
Table 4.2 Summary of matched spots of 50uM Cu B , 50uM Cu C and 50uM Cu D 
against the reference gel (50uM Cu A) 
No. of Matches Percentage Matches(%) 
Plot 50uM Cu A vs 50uM Cu B 25 22.94 
Plot 50uM Cu A vs 50uM Cu 厂 14 22.22 
Plot 50uM Cu A vs 50uM Cu D 7 9.09 
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C. HEPATl cells treated with lOOuM Copper 
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Fig. 4.7a to 4.7c Two-D gels of 3 separate copper-treated (lOOuM) HEPATl cell 
lines, (a) lOOuM Cu A, (b) lOOuM Cu B, (c) lOOuM Cu C, (d) 
lOOuM Cu D. The lEF strips employed were ofpH3 to pHlO, 
non-linear. 
From the value of correlation coefficient (Fig. 4.7), it was found that the spots on 
gel of lOOuM Cu B fit with those on gel of lOOuM Cu A more than those on lOOuM 
Cu C. however, when we look at the number of paired spots, it was found that the 
number of pairs of 1 OOuM Cu A against lOOuM Cu B was double of that of A against 
C. Thus, lOOuM Cu C should be the one more fit to the reference gel. And it was 
found that the spots on the 1 OOuM Cu B gel matched better to those on the reference 
gel than those on the lOOuM Cu C gel. (Table 4.3) 
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lOOuM Cu A � lOOuM CuA 
20" 20-
10" 10-- ^ ^ 
0.72 *x +0.098 0.51 +-0.28 
• Z Coxr: 0.757 0.937 
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I 
(a) (b) 
Fig. 4.8 The scatter plot of the spots on the 1 OOuM copper-treated gels, 1 OOuM Cu A was 
set as the reference gel so that two plots were obtained: (a) the plot of lOOuM Cu 
A against 1 OOuM Cu B, (b) plot of 1 OOuM Cu A against 1 OOuM Cu C 
The equation of the line, correlation coefficient and no. of paired spots were also 
shown in the graph. 
Table 4.3 Summary of matched spots of 1 OOuM Cu B and 1 OOuM Cu C against the 
reference gel (lOOuM Cu A) 
No. of Matches Percentage Matches(%) 
Plot 100uM Cu A vs 100uM Cu B 53 45.30 
Plot 100uM Cu A vs 100uM Cu C 26 30.06 
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4.3.3 Comparison of matched spots on 2-Dimensional gels among control and 
copper-treated HEPATl cells 
A. Overlapping image 
By overlapping the images of the gel of different samples, the percentage match of 
the two gels could be shown qualitatively. The overlapped images are shown in Fig. 
4.8. The summary of the spots-matching results is shown in Table 4.4. For those spots 
which are not shown to be non-overlapping, they are either defined as 'induced' or the 
'suppressed' proteins. The 'induced' and 'suppressed' spots could be identified easily 
under the contrast of the two different colours. 
I ：‘ ” 偏 ， 吻 \ 
： ‘ 、 耗 T ：广 CtriLM2〜— 、， 
： \ • CtrlLMl 
i 
： 鑑 ； ^ ^ ^ ‘ 
^ 务 彳： 
^ ^ ‘ 曰 备 口 ? ^ ^ “ (a) Control(blue) VS 50uM 
^ ^ ^ ^ Copper-treated(green) 
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CtrlLM2 … ” , , CtrlLMl 
\ / / Ctril® ‘ 
’ \ -I / 
。 ^ (b) Control(blue) vs lOOuM 
Copper-treated(green) 
\ : : 
.、.、"— r j 
.。.:I \ 、、，w'广— 
• \ \ . � I 
s ^ 翁 
^ J f 。 D 二 0务心 (c) 50uM Copper-
• ^ ^ 芸 treated(blue) vs lOOum 
边 Os：^^ Q：^  Copper-treated (green) 
Fig. 4.9 The processed images of overlapped 2-D gels: (a) the image of Control(blue) 
against 50uM Copper-treated(green), (b) image of Control(blue) against lOOuM 
Copper-treated(green) and (c) image of 50uM Copper- treated(blue) against 
lOOum Copper-treated (green). 
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Table 4.4 Summary of matched spots in overlapped images of control, 50uM Cu-
treated HEPATl cells and 400uM Cu-treated HEPATl cells. 
No. of Matches Percentage Matches(%) 
Control vs SOuM Cu — 87 — 60.84 — 
Control vs 100uM Cu — 79 48.32 一 
50uM Cu vs 100uM Cu 83 55.25 一 
However, only by observing the overlapping spots were not good enough to find 
out all the induced and suppressed proteins. To make a quantitative study on the 
percentage volume (%volume) of the matched spots on different sample can help us 
determine the induction or suppression of particular proteins. For example, if the 
%volume of a spot was found to be in descending order from control to SOuM Cu 
sample to 1 OOuM Cu sample, it is defined as suppressed. Altogether 26 spots were 
induced (Table 4.5), while 17 were suppressed (Table 4.6). 
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Table 4.5 Induced spots found in the 2-D gels by comparing the %volume of the 
matched spots on control, HEPATl cells treated with SOuM as well as 
lOOuM copper. (Spots with % volume increasing from control to SOuM 
copper-treated, and then to lOOuM copper-treated cells were considered as 
copper-induced proteins.) 
G r o u p H i s tog ram Group ID % Volume of spots 
0 3-J-
03. ~ 49 Mean (100%) 0.117785 Control(c) 0.09633 
0.1 • • ~ 
^ y j M.S.D 0.10602 Cu 50uM(b) 0.257024 
& c b 
Z Var iat ion 0.900121 Cu 100uM(a) -
0.4 丁 
一 2 Mean (100%) 0.162562 Control(c) 0.138534 
M.S.D 0.14355 Cu 50uM(b) 0.349154 
* c b 
I Var iat ion 0.883048 Cu 100uM(a) -
OJ 了 
二 7 6 Mean (100%) 0.313156 Control(c) 0.147906 
[ “ M.S.D 0.129446 Cu 50uM(b) 0.327563 
c k • 
1 Var iat ion 0.41336 Cu 100uM(a) 0.463999 
oa 了 
二 一 69 Mean (100%) 0.280296 Control(c) 0.156824 
M.S.D 0.292598 Cu 50uM(b) 0.684064 
« o b 
f Var iat ion 1.04389 Cu 100uM(a) -
oa-.—I 143 Mean (100%) 0.124195 Control(c) 0.171013 
o> - • 一 -
M.S.D 0.088701 Cu 50uM(b) 0.201573 o-S-U 
Var iat ion 0.714207 Cu 100uM(a) -
O S - T -
0 * 1 2 6 Mean (100%) 0.295245 Control(c) 0.185272 
0 4 -
" " J M.S.D 0.296347 Cu 50uM(b) -
^ Var ia t ion 1.00373 Cu 100uM(a) 0.700462 
l . o - j “ 
o M T I 57 Mean (100%) 0.564318 Control(c) 0.189267 
0 4 - -
。 ： M . S . D 0.267462 Cu 50uM(b) 0.70934 
e k « 
fZ Var ia t ion 0.473957 Cu 100uM(a) 0.794349 
0.3-] 
0 2 - 1 70 Mean (100%) 0.174552 Control(c) 0.245622 
01 - - M.S.D 0.124134 Cu 50uM(b) -
o-S-U 
Z l l ! Var ia t ion 0.711159 Cu 100uM(a) 0.278034 
0.4 丁 
79 Mean (100%) 0.191088 Control(c) 0.251889 
O b — M.S.D 0.138065 Cu 50uM(b) 0.321374 o-S-l-4 ^ 
* c b 
2 Var ia t ion 0.722522 Cu 100uM(a) -
1.0 T 
二 : : : : I 127 Mean (100%) 0 . 3 7 6 8 1 1 Control(c) 0 . 3 0 3 5 6 4 
0.4 
0】:丄 M.S.D 0.341518 Cu 50uM(b) 0.826869 
^ 
A e b 
I 1!Z I Var ia t ion | 0.906338 | Cu 100uM(a) | - | 
100 
Group Histogram Group ID % Volume of spots 
10 —I 19 Mean (100%) 0.541083 Control(c) 0.334713 
� M.S.D 0.545908 Cu 50uM(b) 1.28854 
> r fc 
” Variation 1.00892 Cu 100uM(a) -
o « T 
o«. ~ 78 Mean (100%) 0.279015 Control(c) 0.400177 
" - - M.S.D 0.197862 Cu 50uM(b) 0.436869 
oVU 
广 Variation 0.709142 Cu lOOuM(a) -
l i - r 
10—] 120 Mean (100%) 0.540964 Control(c) 0.408738 
" M . S . D 0.504417 Cu 50uM(b) 1.21415 
Variation 0.932441 Cu 100uM(a) -
l O j “ 
。••一 82 Mean (100%) 0.658505 Control(c) 0.477264 
" J . M.S.D 0.197049 Cu SOuM(b) 0.565804 
o*-H4-l 
“ • Variation 0.299237 Cu 100uM(a) 0.932445 
zs-p 
J® —j 111 Mean (100%) 1.35812 Control(c) 0.584218 
- . M.S.D 0.645448 Cu 50uM(b) 1.32588 
o-i-tP 
" ' • Variation 0.475252 Cu 100uM(a) 2.16425 
"T 
—^ 29 Mean (100%) 0.774895 Control(c) 0.589981 
o»-一 
" j - - M.S.D 0.186402 Cu 50uM(b) 0.704644 
^ Variation 0.240552 Cu lOOuM(a) 1.03006 
o » T ~ “ 
— 67 Mean (100%) 0.405814 Control(c) 0.59944 
04 
" - - M.S.D 0.287054 Cu 50uM(b) 0.618002 
'•Vi-I 
i z l ^ Variation 0.707353 Cu 100uM(a) -
10 —I 65 Mean (100%) 0.807385 Control(c) 0.615748 
" ' T M.S.D 0.185844 Cu 50uM(b) 0.747437 
" • • T O 
Variation 0.230183 Cu 100uM(a) 1.05897 
J- . 42 Mean (100%) 1.77945 Control(c) 0.658371 
:.〔_ M.S.D 0.828692 Cu 50uM(b) 2.04422 
< k« 
« Variation 0.465701 Cu 100uM(a) 2.63576 
I � 了 
二：一 8 Mean (100%) 0.480208 Control(c) 0.710246 
0 4 - -
M.S.D 0.339658 Cu 50uM(b) 0.730377 
'MJ 
< < k 
！ L Variation 0.707314 Cu lOOuM(a) -
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Group Histogram Group ID % Volume of spots 
,。.. 128 Mean (100%) 0.929218 Control(c) 0.737281 
二.〔_ M.S.D 0.143068 Cu 50uM(b) 0.969751 
Variation 0.153966 Cu 100uM(a) 1.08062 
1 0 — 18 Mean (100%) 0.636555 Control(c) 0.879462 
- - M.S.D 0.4543 Cu 50uM(b) 1.0302 
"•S-l-l 
• c k 
!! Variation 0.713685 Cu 100uM(a) -
I 87 Mean (100%) 0.898781 Control(c) 1.18927 
M.S.D 0.648641 Cu 50uM(b) 1.50707 
'Vi-J 
^ Variation 0.72169 Cu 100uM(a) -
w H 98 Mean (100%) 2.71619 Control(c) 2.23827 
二. [ - M.S.D 0.445885 Cu 50uM(b) 2.5989 
^ Variation 0.164158 Cu 100uM(a) 3.3114 
2 i j 99 Mean (100%) 1.67464 Control(c) 2.34385 
' . - - M.S.D 1.19208 Cu 50uM(b) 2.68008 
• c k 
！! Variation 0.711842 Cu 100uM(a) -
40 Mean (100%) 11.2211 Control(c) 6.32695 
• M.S.D 3.4619 Cu 50uM(b) 13.5553 
Variation 0.308518 Cu 100uM(a) 13.781 
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Table 4.6 Suppressed spots found in the 2-D gels by comparing the %volume of the 
matched spots on control, HEPATl cells treated with 50uM as well as 
lOOuM copper. (Spots with % volume decreasing from control to 50uM 
copper-treated, and then to lOOuM copper-treated cells were considered as 
copper-suppressed proteins.) 
Group Histogram Group ID % Volume of spots 
OlJ-r 
oio " i 31 Mean (100%) 0.0698 Control(c) 0.1375 
。 “ M . S . D 0.05615 Cu 50uM(b) 0.0719 
""to 
J； Variation 0.80452 Cu 100uM(a) -
OJ-r 
91 Mean (100%) 0.09259 Control(c) 0.1475 
M.S.D 0.06585 Cu 50uM(b) 0.1303 
* i « 
！I Variation 0.71118 Cu 100uM(a) -
02-r 
" 1 34 Mean (100%) 0.09176 Control(c) 0.1714 
0 � 
- • M.S.D 0.0705 Cu 50uM(b) 0.1039 
®VU ^ 
* ^ « 
* Variation 0.76829 Cu 100uM(a) -
02-r 
—I 10 Mean (100%) 0.06649 Control(c) 0.1839 
~ M.S.D 0.08326 Cu 50uM(b) 0.0156 
"-S-U ‘―' 
• V € 
If Variation 1.25224 Cu 100uM(a) -
03-. 
01. I 5 Mean (100%) 0.07985 Control(c) 0.2273 
。：t M.S.D 0.10438 Cu 50uM(b) 0.0123 
« V < 
I Variation 1.30715 Cu 100uM(a) -
OJ, I 58 Mean (100%) 0.17007 Control(c) 0.2965 
。 ‘ M . S . D 0.12492 Cu 50uM(b) 0.2137 
> k t 
“ Variation 0.73452 Cu lOOuM(a) -
" I 6 Mean (100%) 0.2136 Control(c) 0.3557 
。 ‘ M . S . D 0.15377 Cu 50uM(b) 0.2851 
"VU 
• V c 
* Variation 0.71988 Cu 100uM(a) -
lO-r 
“ 1 2 3 Mean (100%) 0.95849 Control(c) 0.436 
10' . _ 
M.S.D 0.49945 Cu 50uM(b) 1.6314 
I f Variation 0.52108 Cu 100uM(a) 0.8081 
oTT 
o« T j 64 Mean (100%) 0.30798 Control(c) 0.4782 
M.S.D 0.21089 Cu 50uM(b) 0.435 
"T-U ^ 
• k • 
^ Variation 0.68476 Cu 100uM(a) 0.0108 
o«T 
0. — 100 Mean (100%) 0.29861 Control(c) 0.5656 
0:•仕 M.S.D 0.19002 Cu 50uM(b) 0.1917 
Variation 0.63634 Cu 100uM(a) 0.1385 
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Group Histogram Group ID % Volume of spots 
Otj I 
—I 86 Mean (100%) 0.33319 Control(c) 0.6275 
" i y � M.S.D 0.21145 Cu 50uM(b) 0.232 
• » < 
“ Variation 0.63461 Cu lOOuM(a) 0.1401 
lO-r 
~ 110 Mean (100%) 0.64277 Control(c) 0.707 
M.S.D 0.23095 Cu 50uM(b) 0.888 
« < k 
Variation 0.3593 Cu lOOuM(a) 0.3333 
J —I 144 Mean (100%) 0.98172 Control(c) 0.7246 
M.S.D 0.92461 Cu 50uM(b) 2.2206 
« « k 
！^ Variation 0.94182 Cu 100uM(a) -
13� 
二 93 Mean (100%) 0.83057 Control(c) 1.1638 
" ] [ “ M.S.D 0.23886 Cu 50uM(b) 0.7116 
« ^ « 
Variation 0.28758 Cu 100uM(a) 0.6162 
> - r 
, 1 1 6 Mean (100%) 0.72054 Control(c) 1.7174 
J ^ M.S.D 0.72784 Cu 50uM(b) 0.4442 
“ 《 
li； Variation 1.01013 Cu 100uM(a) -
2 - r “ 
I.一 154 Mean (100%) 0.99362 Control(c) 1.8566 
- . M.S.D 0.76357 Cu 50uM(b) 1.242 
®-V4-l 
Variation 0.76847 Cu lOOuM(a) -
— 
J- — 139 Mean (100%) 1.26383 Control(c) 2.0231 
‘ M . S . D 0.89969 Cu 50uM(b) 1.7684 o-S-U 
• k c 
I f Variation 0.71188 \Cu 100uM(a)\ -
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4.4 Discussion 
4.4.1 Comparison of the spot patterns between field sample and copper-treated 
HEPATl cells 
Actually the spot patterns are in great difference between the field sample and 
copper-treated HEPA T1 cells. And it was found that the control of the field ample 
group was inconsistent with the field sample. This is the expected results as the field 
samples were under complex conditions where the fish are influenced by many 
different substances and physical parameters. Even the fish, which we bought from 
wet market to serve as control and for copper injections, maybe under stress due to 
transportation and handling. It is hard to estimate whether the proteins were induced 
or suppressed due to a single effect. On the other hand, the HEPA T1 cell group gave 
more consistent results, as they were cultured under well-controlled nutrient medium 
and growth temperature. This ensured the experiment to be repeatable. 
Fig. 4.9 showed the spots outline of copper-treated HEPATl cells and Fig. 4.10 
showed the image of the 2D gel of field sample. As shown in the image, most of the 
spots of the copper-injected sample located at the acidic region of molecular size from 
6kDa to 55kDa. On the other hand, the spots are more evenly spread over the alkaline 
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Fig. 4.10 Spots outline of 2D gel of Cu-treated HEPATl cells obtained from the 
ImageMaster®. 
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Fig. 4.11 Image of 2D gel of the liver cytosol of a Cu-injected tilapia. 观 
4.5 Conclusion 
The in vivo and in vitro experiments were carried out. In general, the results of the 
in vivo experiment were of low consistence even within the same sample group. The 
control has less spots than the field and copper-injected samples. Most of the spots 
that were present in the field sample only gathered at the alkaline (pHlO) region at 
lower molecular weight region. For the two copper-injected samples, the patterns are 
also different. The sample injected with lower dosage gave spots mainly located at the 
acidic region at molecular sizes from 6kDa to 55.4kDa, while the higher dosage one 
gave more wide-spread pattern over the whole pi range (pH3 to pHlO). 
It is hard to make a conclusion on the general pattern for the spots in the 2D gels 
among the sample groups in the in vivo experiment. 
On the other hand, the in vitro experiment gave much consistent results. 
Referring to Table 4.4, the percentage match of different samples were of relatively 
high acceptance, most are over 50%. Quantitative study have been made on the 
percentage volume (%volume) of the matched spots on different sample. For example, 
i f the o/ovolume of a spot was found to be in descending order from control to 50uM 
Cu sample to lOOuM Cu sample, it is defined as 'suppressed'; and the vice versa is 
the so called 'induced'. Altogether 26 spots were induced (Table 4.5), while 17 were 
suppressed (Table 4.6). 
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Chapter 5 General Discussion 
5.1 Research overview 
Heavy metal contents were found to be high in the Shing Mun River compared to 
other rivers running in to the Tolo Harbour. The copper and zinc were the highest 
among all the heavy metals measured, and thus they were set as the target heavy 
metals. Tilapias are of high abundance at the Shing Mun River, which means they are 
highly adapted to the heavy metals. They were caught from the Shing Mun River and 
subject to detection of organ heavy metals content. Liver were found to contain the 
highest amount of copper and zinc. Thus further subcellular fractionation was carried 
out for the liver. 
The cytosolic fraction was found to contain the highest amount of copper and 
zinc. This is because a lot of copper-transporting and copper-containing proteins were 
involved in this fraction. The cytosolic proteins were further separated by 
gel-filtration column. High copper content was found to be associated with the peaks 
observed under UV254nm. However, we were unable to detect the zinc content in the 
peaks. This could be due to loss of zinc content in the preparation step of sample for 
the gel-filtration column, in which we need to filter the sample through 0.45um filter 
paper and may lead to oxidation of the zinc-containing proteins. 
The different peaks were analyzed with SDS-PAGE at the same time. A band at 
around 14kDa was found on all samples (control, field and copper-injected samples). 
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This is the presumed MT band as this band is from the peak position where the rabbit 
MT was eluted. For further identification, the band is to be subject to amino acid 
sequencing. A highly expressed band was found in the copper (lOmg/kg) injected 
sample at around 30kDa and not in the others. This band could most probably be the 
copper-induced protein. 
In order to compare with the field sample, in vitro experiment was carried out 
with the HEPATl cells. The cells were exposed to copper at two level and then 
subject to 2D gel analysis. However, the patterns of the HEPATl cell proteins spots 
in the 2D gels were not quite compatible to the field sample 2D gels. But with the aid 
of the Image Master® analysis program, we could find out some induced and 
suppressed proteins in the copper-treated HEPATl cells when compared with the 
control. 
5.2 Characterization of metal binding proteins from the cytosol of liver of tilapia 
Other than copper-binding proteins, some of the zinc-binding proteins were 
purified in other researches. One of them had similar molecular weight (16.9kDa) to 
the one of the peak we obtained and it was purified from rainbow trout by Pierson 
[79]. Besides rainbow trout, zinc binding proteins were also purified from liver of 
Antarctic icefish[81] and ovaries of dab[106]. For the zinc binding protein purified 
from the ovaries of dab, it was found to be 10-12kDa. In this protein, the zinc ions 
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could be replaced by cadmium ions but this protein cannot be induced by cadmium. 
From this example, it was known that the metal binding protein induced by a 
particular metal could bind to another metal but needn't be inducible by the metal it 
bound to, like metallothionein. Therefore, the metal ions bound to metal binding 
proteins may be very flexible. 
The zinc binding protein can be tissue-specific. Pierson purified another 17.3kDa 
zinc binding protein from the liver and kidney of rainbow trout but it could not be 
found in the spleen and gill[107]. 
Besides copper and zinc metal binding proteins, cadmium binding proteins were 
the most common metal binding proteins purified by the other scientists. It is because 
cadmium is extremely toxic and has no physiological function in the body. On the 
other hand, copper and zinc are essential heavy metals which have physiological 
significances. Therefore, people were more concentrated on the detoxification of 
cadmium rather than copper and zinc. Therefore, there were limited researches 
working on the intracellular copper and zinc metal binding proteins, especially using 
fish as the model. Cadmium binding proteins had been extensively studied. They had 
been purified from various sources such as earthworm [77], clam[108], rainbow 
trout[80] and rat[78, 109，110]. 
In the above experiments, the metal binding proteins purified were classified as 
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non-metallothionein. This was based on they have different characteristics from 
metallothionein, such as molecular weight and amino acid composition. For the amino 
acid composition , metallothionein consists of about 33% cysteine group, no aromatic 
residue and low histidine, aspartate or glutamate. However, the metal binding proteins 
purified above may have low cysteine content [67, 81, 82], consist of aromatic amino 
acids [79，80], or have high content of histidine, aspartate or glutamate [81, 82, 83]. In 
other words, majority of the metal absorbed in the liver are not associated with 
metallothionein. 
I l l 
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